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Abstract

Domestic markets are growing too slowly to absorb increases in U.S. farm production. But
reliance on foreign markets can make farmers vulnerable to sudden swings in prices, which
are transmitted to other domestic sectors as well. This report assesses U.S. agriculture’s ca-
pacity to meet domestic and export demands, and the likely consequences of doing so,
under different economic assumptions about the future. By shifting production among
regions, adopting new technology, and keeping up the quality of its resources, U.S.
agriculture could double its exports within the next 30 years.
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Preface

U.S. agriculture’s increasing involvement in world food markets Thomas Lutton explained why agriculture may have more
has implications for the size and structure of the farm sector, flexibility than is generally assumed for making efficient ad-
the level of prices received by farmers, the stability of markets justments to alternative world food situations (150).

to which farmers sell their products, the level of farm income,

and regional variations in agricultural activity. It also has im- Thomas A. Miller, Jerry A. Sharples, Robert M. House,
plications for domestic sectors depending on agriculture, such and Charles V. Moore appraised the supply response of
as consumers, postharvest food handlers, and farm input sup- U.S. agriculture to increasing price volatility in world food
pliers. Policies adopted by the United States in the late eighties markets by means of an application of the USMP model
and beyond will affect U.S. agriculture’s response to changes in (165, 166).

domestic and foreign demand for food during coming decades.
Gerald Plato and Douglas Gordon developed a dynamic

U.S. farm policies introduced in the thirties redistributed in- programming analysis of the probability of meeting alter-
| come from a relatively well-to-do urban sector to a disadvan- native objectives of commodity stock management pro-

taged farm sector, with both sectors comprising a closed econ- grams using various program strategies (194).

omy. That basis for farm policy no longer exists. For one thing,

the average U.S. farmer no longer earns less than the average Lyle P. Schertz reviewed selected world food studies

nonfarmer. Furthermore, about 5 percent of the farms now which took a special look at the role of U.S. agriculture

produce half the farm output. This report, however, focuses on (217).

reasons that are external to the U.S. economy. U.S. agriculture
is now part of an open and volatile world food system that can-
not be controlled by domestic policies alone. The need for a

farm policy is still with us, but the basis for farm policy has Other contributors prepared special materials as part of the
changed. world food study, and contributed to this general report.
A study of U.S. agriculture in a world setting was initiated in Paul Andrilenas and David Torgerson described farm input
late 1982 in USDA’s Economic Research Service with the idea and productivity, and forecast the availability of purchased
that there would be one general, broad report covering the farm inputs (4).
potential U.S. food production for world markets and a few
special reports that looked at selected topics in depth. Some of Robert Boxley discussed the potential for additional
the indepth reports were prepared for publication, others were cropland, institutional factors affecting the supply of
prepared as special materials. ldeas from these reports are cropland, and considerations of intensity of land use, such
reflected in this general report; it could not have been written as through humid area irrigation and double cropping,
5 had the other reports not been available. However, this general which increases production without increasing cropland re-
l report also explores topics not covered in the other reports. quirements (25).
" This study was done under the direction of Clark Edwards, Barbara Chancey prepared maps describing historical
Senior Economist, Economic Research Service. Others also regional variations in farm production, and regional ad-
, prepared papers for publication as part of the world food study, justments according to USMP in the U.S. supply response
| and provided material for this general report: to different levels of exports (38).
I .
. Michael LeBlanc appraised the likely competition by oil
| Robert M. House analyzed the effects of the level of and shale development in Colorado, Utah, and Wyoming for
‘i variability in commodity export demand on U.S. resources used by agriculture, particularly water (135).
- agriculture. He applied and explained the mathematical
programming model (USMP) that underlies much of the Charles V. Moore analyzed population shifts which are
analysis of the general report (111, 112. See references at changing the nonfarm demands for natural resources used
end of this report.) by farmers. This directly affects the availability of land and
water and it indirectly affects the infrastructure available to
Gerald L. Horner modified the USMP model to analyze ir- farmers and the availability of energy. Private markets
rigation issues. This was a major source of the analytical sometimes fail to allocate such resources in the public in-
conclusions in this general report with respect to irrigation terest. The role of public management in these resource

(108). markets is discussed (167).




Clayton Ogg examined the effect of export market expan-
sion on soil erosion and found that problems vary by com-
modity and region. For example, expansion of soybean
acreage for export in the Delta may result in severe erosion
on fragile lands whereas expansion of wheat acreage for ex-
port in the Northern Plains need not cause problems (184).

Lyle P. Schertz found that projections of economic variables
often use models that trace the time path between the pre-
sent and the future under alternative scenarios. For some
models, unrealistically, the economic situation at the end-
point was independent of the time path. In addition, some
lead and lag relationships exhibited on the time paths were
inconsistent with economic theory (218).

Schertz also examined the interaction of agricultural
growth in developing countries with general economic
development. This has implications for food imports and
therefore for growth in the export markets for U.S. farm
products. The feedback loop between U.S. food produc-
tion and production in the rest of the world needs to be
evaluated (219).

Lloyd D. Teigen described national and regional patterns
of input use and productivity and drew implications for
agricultural capacity from projections of input use and
yields (238). Teigen also estimated agricultural output sup-
ply and input demand as a simultaneous system (239).

People in ERS who assisted in the study through planning
and evaluating sessions, contributing material, and review-
ing the manuscripts include: Klaus Alt, Joseph R. Barse,
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Kenneth C. Clayton, Velmar Davis, J. Larry Deaton,
Theodore R. Eichers, Dick Haidacher, Charles Hanrahan,
David H. Harrington, Richard Heifner, John Hostetler,
Richard Kennedy, John E. Lee, Lester Myers, Patrick M.
QO’Brien, Anthony C. Prato, Robert Reinsel, Larry E.
Salathe, Donald Seaborg, Neill Schaller, Gerald Schluter,
James Tannehill, Gary Taylor, Francis Urban, and Alan
Webb.

People outside ERS who reviewed this and other manuscripts,
listed above, which are part of the overall study, include:
James Houck, University of Minnesota; Eric Hyman, Office of
Technology Assessment; D. Gale Johnson, University of
Chicago; Bruce McCarl, Oregon State University; William R.
Miller, University of Nebraska; Paul O’Connor, Forest Service,
USDA; Jack van Holst Pellekaan, World Bank; and Luther
Tweeten, Oklahoma State University.

A forthcoming companion study, prepared by the Interna-
tional Economics Division (IED) of ERS, examines the cur-
rent situation and prospects for world food supply, de-
mand, and trade. That study takes an international
perspective on the world food situation whereas this one
takes a domestic U.S. perspective. This study assumes
answers to questions analyzed in the international study,
and it summarizes results of that study as background set-
ting for analyzing the potential U.S. food production for
world markets. Dick Kennedy served as the IED liaison on
the U.S. segment of the study. The general report
presented here relies on materials prepared for the interna-
tional segment of the study by Larry Deaton on world de-
mand for food and by Francis Urban on world supply of
food.
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Summary

U.S. agricultural exports are likely to continue to grow,
possibly doubling within 30 years. The United States cur-
rently exports the product of 40 percent of total harvested
acres, twice the rate of the early seventies. Reliance on ex-
ports can put farmers at risk to sudden price swings caused
by changes in food import policies of foreign governments.
The alternative to those sharp swings is to scale back the
U.S. farm sector to a size that will support domestic de-
mand only or to adopt policies that counteract the short-
term impacts of other governments’ food policies.

U.S. agriculture has the capacity to meet expected growth in
export demand. Limits to natural resources, energy, labor,

and purchased farm inputs are not likely to restrict growth and
induce food shortages. U.S. agriculture may not require much
more land and water in coming years, but it must retain access
to the resources now being used. Various institutional and

human factors are more likely to temporarily limit farm pro-
duction, factors like financial markets, tax laws, income and
price support programs, and water rights.

U.S. agricultural policies adopted during the late eighties and
beyond will affect how U.S. agriculture continues to operate, If
export markets recover from the slowed growth of the early
eighties and advance at average rates close to the longrun
trend, agriculture will continue to grow. However, if they do
not, and thus fail to provide a source of increasing demand for
growing domestic agricultural capacity, there are two options:
Either rely again on sizable income transfers to avoid another
agricultural depression in an agricultural economy about the
size of the present one; or scale down the agricultural sector so

that it, once again, produces primarily for the domestic market.
The latter could result in a prosperous but much smaller agri-
cultural sector than at present; it would also raise serious ques-
tions about where the world’s food supplies would come from
because the United States is now the major exporter.

The chief risk to farmers from a high-export strategy comes
from the inherent volatility of export markets. The variability
shown by these markets during the past two decades induces
boom and bust conditions for farmers and ultimately reduces
agricultural output. This has redistributional effects not only on
incomes within the farm sector, such as between crop and live-
stock growers, but also among other sectors including agri-
business, input suppliers, consumers, and trading partners. The
volatility of recent experience seems high by the standards set
by the relative stability of the fifties and sixties, but is not
unusual compared with the volatility of world food markets
earlier in this century.

Farmers as individuals have no control over the vagaries of in-
ternational agricultural trade or international payments, yet their
well-being is strongly affected. Most foreign countries regulate
their agricultural imports and exports to maximize their own
benefit. Such policies circumvent market responses and can in-
duce food surpluses or shortages accompanied by price volatil-
ity. To the extent that the adversity is the result of human inter-
vention, such as a decision by a foreign government to import
feed to maintain livestock production as an alternative to
domestic belt-tightening, or the effects of nonfarm economic
conditions on the foreign exchange rate, it will take additional
policies to establish reliable markets for U.S. farmers and reli-
able food supplies for importers of U.S. farm products.
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U.S. Agriculture’s Potential to
Supply World Food Markets

Clark Edwards

Introduction

U.S. farmers look more and more to overseas demand as a
basis for growth. That has come about because of relatively
slow and steady growth in domestic demand for food com-
pared with faster growing foreign demand, which reflects in-
creased world population and wealth and is affected by foreign
governments’ policies to upgrade diets. Reliance on exports,
while good for many U.S. farmers, especially crop farmers
because most of the exports are of crops and crop products,
makes the farm sector susceptible to sharp swings in demand.
Some of the volatility in international food trade is due to
weather and to normal market forces, but many of the sharper
swings are attributable to changes in policies of various govern-
ments with respect to food imports and exports.

The fortunes of the U.S. farm sector are now tied as much to
foreign government policies and domestic nonfarm policies as
they are to U.S. farm policies. Reliance on exports caused the
farm sector to swing from boom times during the seventies to
lean times during the early eighties. So the benefits of con-
tinued reliance on exports are accompanied by some risks. We
can choose, if we want, to continue to look abroad for farm
prosperity; we have the resources to do so. If we choose ex-
port growth, it is important that we be prepared to deal with
the expected risks.

We now export the production of about 40 percent of all har-
vested acres compared with 20 percent during the early seven-
ties. Longrun trends suggest that proportion may rise to 50
percent by the turn of the century. If it does, U.S. agriculture
has the capacity to meet the growing demands of both domes-
tic and foreign markets at existing or possibly lower real food
prices. The difficult question pertains to how to deal with ex-
port markets growing faster or slower than the longrun trend,
and with volatility.

This report raises the issue of how to think about dealing with
shortrun volatility in the farm commodity export markets and
with longrun swings from periods of strains on domestic capaci-
ty to periods of idle farm resources and low farm incomes. The
report examines the implications of alternative futures for
farmers, postharvest handlers, input suppliers, consumers, and
trading partners.

The analysis is based on past trends, mathematical models of
the workings of the farm sector and its interactions with other
sectors, and reasonable expectations concerning technical
change and other factors. Two models developed in the Eco-
nomic Research Service were used heavily for the analysis. In
addition, expertise within ERS was drawn upon to resolve con-
flict when the two models disagreed and to fill in the gaps on
relevant issues on which both models were silent.

Demand for U.S. Food Products

The larger and more steadily growing part of the total demand
for U.S. farm products is domestic. The foreign markets are
smaller, but faster growing and more volatile. Hence, demand
shifts affecting U.S. farmers are more likely to arise from for-
eign than domestic sources.

World Food Demand

Over the past three decades, world per capita consumption of
food increased slightly in response to higher income and politi-
cal determination to improve diets and food distribution. In-
creasing income per capita was relatively less important in
developed countries as a source of increased demand for food
because, in general, people there are relatively well fed. Most
of the increase came from developing countries with newly in-
creasing purchasing power and with policies to deal with
hunger and malnutrition.

The effect of population growth on food demand varies with
whether per capita purchasing power is maintained and also
with demographic patterns such as the proportion of the young
and the elderly, who tend to eat less than working-age con-
sumers. World population growth is slowing, implying slower
growth in the demand for food. World population grew by
around 1.9 percent per year during 1950-70. It slowed to 1.8
percent during the seventies, is around 1.7 percent now, and is
expected to be around 1.6 percent during the nineties (303).
In the next century, if present trends continue, the world
population may stabilize.

Iltalicized numbers in parentheses refer to citations in the References
at the end of this publication.
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In recent decades, the world composition of foods changed
toward more livestock products relative to crop products. This
was partly due to decisions by consumers to spend relatively
more of their added income for meat. In addition, several
countries adopted policies to improve diets by promoting meat
consumption. This latter source of change in consumption
depends on political decisions that may—but need not—reflect
market forces. Government policies were important, for exam-
ple, in determining change in the levels of food demand during
the seventies in the USSR, Eastern Europe, and China. These
changes stimulated the world’s feed-livestock economy.

Government programs that increase consumption help not only
consumers, but farmers as well by expanding the market for
food products. But sometimes there is conflict between con-
sumers’ and farmers’ interests in government programs. An in-
crease in the prices received by farmers, for example, is gen-
erally accompanied by an increase in the prices paid by con-
sumers. Some countries’ policies support farmers’ incomes; if
supply management programs are ineffective, then price-
increasing policies tend to create surpluses while they reduce
consumption. Other countries subsidize consumption; such
policies can discourage production by lowering prices thereby
reducing farm incomes and creating shortages. Research that
helps farmers increase their productivity also helps consumers
by increasing the supplies of food and lowering the prices. The
prices may fall so low, however, that farm income declines.
There are other, noneconomic goals that governments consider.
For example, food is sometimes used as a tool of diplomacy.
So conlflicts arise not only among governments but also within
governments about the goals of farm and food policies. Because
of these conlflicts, one can anticipate continued debate as to
whether policies should emphasize increased production to help
consumers or limited production to help farmers.

Income distribution tends to be more uneven in countries with
lower incomes and lower general levels of education. Income
growth does not necessarily correct these problems, so gains in
food consumption based on improved income distribution, edu-
cation, and aid are separate from gains which follow a general
improvement in aggregate income. Hunger continues to be a
problem in certain parts of the world; how food distribution can
be improved is examined by Deaton and others and is not con-
sidered in this report (48).

During 1980-82, a worldwide recession reduced purchasing
power, and per capita food consumption dropped slightly from
the record high established in 1978 (274). Reduced demand
and an increase in carryover stocks resulted in lower prices and
reduced income for farmers. This event heightened concern for
farmers’ income but it eased the concern of the late seventies
that increases in world food production might be unable to
keep up with consumption. Both the tight food situation of the
seventies and the recession of the early eighties may be past,
but several factors continue to limit exports of U.S. farm pro-
ducts to various parts of the world: high levels of international

debt for many developing nations; high exchange rates with the
U.S. dollar, making our exports more costly; and high interest
rates that add to the costs of debt servicing as well as to costs
of production. These difficulties imply that further and con-
tinued volatility can be expected in world food trade.

Even so, prospects are for a longrun, moderate increase in per
capita demand. The rate of population growth appears to be
slowing slightly and per capita consumption is expected to con-
tinue to increase with rising incomes, changing tastes, and im-
proved distribution of food to lower income people. These
prospects suggest a rise in aggregate food consumption of
perhaps 2.0-2.5 percent per year. At this pace, world food
consumption will require a little longer to double next time,
about 28-35 years, compared with 27 years for the last
doubling. The next question is: Can we reasonably expect
world food production to double during the next three
decades?

World Food Supplies

World food production increased by 2.9 percent per year dur-
ing the fifties, slowed to 2.7 percent during the sixties, and
dropped to 2.2 percent during the seventies. During the late fif-
ties and early sixties, world food production rose faster than
population and production per capita increased, partly as a
consequence of policies adopted by various governments

- around the world to deal with food shortages following World

War II. The increase in per capita production allowed for
upgrading of diets at favorable prices (253).

The slowdown in growth in world food production during the
seventies was abetted by bad weather and adverse economic
conditions. High energy costs, high interest rates, and inflation
followed by recession added to farmers’ uncertainty and reduced
incentives to expand production. Even so, world food produc-
tion increased slightly faster than the increase in population
during the decade and food production increased moderately.
Increases in farmland contributed about 0.4 percent per year
to growth in output during the seventies, less than in the
previous two decades. The remaining 1.8 percent per year was
the result of various technical, social, and geographic factors af-
fecting yield.

If world food production is to double in 30 years to support the
increase in consumption implied by population trends and per
capita needs, then growth in production will have to increase
slightly from the slowed pace of the seventies, to around 2.3
percent per year. This is well below the average rate of 2.6
percent per year for the past 30 years.

Longrun World Food Balance

Do the trends in world food supplies and demands point to a
longrun balance in which real food prices are little changed, to




demands which outrun supplies and drive real food prices
higher, or to plentiful supplies and lower real prices? Imagine a
world food situation characterized by two or three decades of
growth in the quantities of food supplied and demanded such
that there were little change in real food prices. Consumers
would spend smaller shares of their increasing real incomes for
increasing quantities of food, and farmers would maintain their
earnings. On which side of this hypothetical line is a doubling
of food production and consumption during the next 30 years
likely to fall: toward higher real food prices of benefit to
farmers, or toward lower real food prices of benefit to con-
sumers?

Real food prices would rise if demand increased faster—or sup-
ply increased slower—than the trends of recent decades. Food
supplies would be relatively more scarce. This would adversely
affect consumers but would improve the incomes of farmers
and of resource owners. It would lead to higher prices for crop
products relative to livestock products. The higher prices would
reduce the consumption of livestock products relative to crops
products.

Alternatively, relative increases in per capita food production
due to a further slowing of population growth, increasing avail-
ability of land or energy, or advancing technology and institu-

" tional innovation, would ease the price of food relative to other

goods and services and increase the consumption of livestock
products relative to food crop products. However, with food

supplies more plentiful, incomes to farmers and to owners of
farm resources would be relatively lower.

“There is no shortage of published reports on projections for
food production and agriculture,” writes Wittwer (302). “The
general tone is one of pessimism. All raise questions about
future productive capacity of U.S. agriculture, the environmen-
tal consequences, resource availability, and technological
capabilities.” The studies referred to by Wittwer were done dur-
ing the food crisis of the seventies. Since food surpluses and
lower prices began to reappear in the early eighties, the general
tone has changed to one of optimism with respect to future
productive capacity. Reasons supporting first optimism and
then pessimism are reviewed in the next two sections.

Prospects for Relative Abundance. World agriculture ap-
pears to have the potential to meet growing market demands
for food at moderately declining prices received by farmers.
Farmers worldwide are likely to expand production, as they
have in the past, so that the market-clearing prices received for
farm products are close to and occasionally below the unit cost
of production. This tendency toward overproduction will con-
tribute downward pressure on the world level of prices received
by farmers.

A number of arguments support this view of increasing per
capita food production and lower real food costs. The main

U.S. Agriculture’s Potential

consideration on the demand side is that world population
growth is slowing, and there are major policy objectives in
various governments to slow it even further, thus reducing
growth in food requirements. This is likely to be more telling
than changes in per capita demand due to higher income.

There are several considerations on the supply side. Natural
resource development will contribute to increases in produc-
tion, but most growth in production will be based on improved
technology, increased use of purchased inputs, development of
regions that are currently below their potential, and adoption of
farm policies by various governments to provide incentives to
farmers.

Existing natural resources can support substantial increases in
the per capita supplies of food over time at moderately
decreasing real prices received by farmers (95). About half the
7.5 billion acres of arable land in the world is under cultivation
(254). Continued land development through drainage, irriga-
tion, leveling, breaking up of subsoil hardspans, and better ac-
cess to isolated land through improved infrastructure, is ex-
pected to more than offset the amount of land lost to abandon-
ment or to various nonfarm uses. Some lands recently opened
for cultivation in many developing countries are especially
susceptible to soil erosion and will need strong protective
measures to maintain their productivity (51). On balance, the
availability of land does not seem to be a critical limiting factor
in global food production, although pressures on land resources
are very important in some regions.

Much of the land that can be easily cropped with good yields at
low development costs, however, is already in use, so an ac-
celerated rate of conversion to cropland likely will result in
higher unit costs and reduced yields. Cropland use may ex-
pand by about 0.2 percent per year in coming decades without
contributing to higher unit costs of production. The expected
growth in cropland is below the rate of 0.6 percent per year
experienced during the past three decades and below the rate
needed to meet food demands if yields do not increase. But
the availability of cropland appears to be adequate provided
that other resources, technology, and other factors affecting
food production become available as anticipated (253).

World food production has become highly dependent on irriga-
tion during the past three decades. Forty percent of world pro-
duction is produced on the 15 percent of the cultivated area
that is irrigated. “Most countries, in fact, subsidize irrigation
water to encourage production. The low cost leads farmers to
apply more water than required for the crops they grow”
(281). Water resources appear to be adequate; the Food and
Agriculture Organization of the United Nations estimates that an
additional 130 million acres could be irrigated in the next
decade. Even in regions where the quantity of water is limited,
there is a good prospect for increasing the efficiency with which
water is used through improved management, reduced waste,
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and reallocation of water among alternative food production

uses (253).

Energy is a critical input in food production, but the energy used
in agricultural production is only 3-6 percent of all cammercial
energy consumed. The share is 16-22 percent for the food sec-
tor as a whole, including processing, transporting, and market-
ing. The energy shortage of the seventies has abated and
energy availability is likely to be sufficient to support growth in
agricultural food production—even at moderately decreasing
real prices received by farmers—for the rest of the eighties. The
biggest shortrun energy threat is additional oil supply
disruptions. For developing countries, this is more of a threat to
their balance of payments than to their level of food produc-
tion. However, before the close of this century, higher energy
costs again are likely to be a crucial factor in producing food.

The nonfarm sector can increase the quantities offered to
farmers of purchased farm inputs, including chemicals and
machinery. The price farmers pay may increase as their
demands increase, but the real prices are not expected to
diverge much from prices paid by buyers in other industries,
such as manufacturing and construction, for similar products.
The nonfarm sector will continue to improve the efficiency of
transporting, processing, and distributing food products to final
users. A larger and sustained public and private investment has
been made in modern infrastructure—roads, bridges, storage
facilities, communications systems, market services, electricity
and power, research, and education—to support agriculture.
The quality of this infrastructure varies. In developed regions,
small additions to infrastructure generally will support more
than the projected growth in food production. In other regions,
like Sub-Saharan Africa, insufficient infrastructure can limit the
rate of agricultural growth for some time to come.

There are prospects for increasing productivity of existing re-
sources through technological advance, including mechaniza-
tion, fertilization, and biotechnologies. The value of human
capital can be increased further through education. The full
benefits of higher yielding crop varieties and other technical ad-
vances now available are yet to be felt, and additional technol-
ogies are expected to increase crop and livestock yields further
over the next few years.

Developing countries experienced rapid increases in food pro-
duction during the past three decades. These countries still
have a large potential for growth in food production through
improved access to resources, innovations in institutional ar-
rangements, technologies appropriate to their agricultures,
development of underutilized regions, and implementation of
policies favorable to agricultural growth. Policies in many of
these countries have tended to promote food consumption
rather than production.

Agriculture is resilient, according to Paarlberg, and can adapt to
widely changing needs (186). When a limit to growth in food
production is met with respect to a specific resource used for a
specific commodity in a specific region, then regional shifts and
institutional adaptation can accommodate large changes in food
production using presently available resources and technology.
Lutton demonstrated that substitutions among resources and
among products add flexibility to producer and consumer
responses, which has the effect of easing world food supplies as
limits to growth are approached (150).

Prospects for Relative Scarcity. The alternative view can-
not be ruled out, however. There may be decreasing per capita
food supplies and higher real food costs. Food demands could
accelerate to a level above that associated with constant real
prices in response to continued population pressures if birth
rates were higher or death rates lower than anticipated. De-
mand could increase faster than indicated by recent trends
should the world economy accelerate. An acceleration of food
distribution programs to disadvantaged countries would in-
crease aggregate consumption. So would a redistribution of in-
come within a country that increases the relative purchasing
power of its lower income population.

Shifts in consumer preferences for more meat products relative
to crop products, such as have taken place in some of the
more prosperous developing countries, induce a demand for
more feed grains relative to food grains. The changes in agri-
cultural production required to accommodate such shifts in-
crease the agricultural resources used to feed a given popula-
tion. Changing tastes and new food-processing technologies led
to an expanding market for oil crops for both food and feed
uses and placed further demands on agricultural resources.

Food production might fail to increase fast enough to avert up-
ward pressure on real prices. Growth in world food production
slowed during the seventies, suggesting diminishing returns as
additional variable inputs were added to fixed natural re-
sources. The loss of soil fertility from erosion, salinity, compac-
tion, desertification, overgrazing, acidity, and waterlogging af-
fected agricultural production in many developing countries.
The new lands opened for cultivation in many developing
countries are particularly susceptible to soil erosion. Water con-
straints limit growth in some regions; and even when expansion
is feasible, the capital requirements are high and projects take a
long time to implement. Environmental degradation and pollu-
tion pose increasing threats to resource use. A shortfall in sup-
ply due to sudden loss of access to land or water could prove
to be far more difficult to accommodate in the short run, and
therefore more damaging to the well-being of people, than an
explosion in the population growth rate.

Meeting world food requirements in coming decades appears to
depend more on increasing the productivity of natural re-




sources than on increasing the quantity used. This involves
technical and social change that is adopted slowly in many
countries because of the education and skill of potential
adopters and also because not all change is seen as progress.

Global Balance. There is solid support for a view of relative
food abundance and also support for the opposite view of
relative scarcity. Neither extreme abundance nor extreme scar-
city is very likely. The trend of the last 30 years has been close
to the middle, but shows a slight tendency toward plenty.
Johnson described a trend of moderately increasing per capita
food supplies and slowly (but erratically) decreasing real food
prices (120). The increasing value added to food markets by
the nonfarm sector after harvest has widened the gap between
prices paid by consumers and prices received by farmers. The
evidence suggests continued moderate increases in per capita
consumption and downward pressure on real prices received
by farmers over the next three decades.

This is not to say that plentiful supplies of cheap food are cer-
tain for the next 30 years. Rather, it means that the probability
is high for continued moderate reductions in real food prices.
The actual outcome will depend heavily on whether certain
things that can happen (which are discussed in this report) are
made to happen during the eighties and nineties by means of
private and public policies.

This picture of the future involves a growing nonfarm economy
that creates adequate employment and rising real incomes. It
calls for consumer expenditures for food to be a decreasing
share of income, and it includes upgrading of diets, such as
more livestock products relative to crop products. It calls for the
farm sector of the economy to grow more slowly than the non-
farm sector and to comprise a declining share of the world
economy. It calls for gains in capacity to rely more on social,
technical, and regional changes that increase yields than on the
development of natural resources. It calls for public and private
policies to expand the capacity of agriculture and to maintain
incentives for farmers. And at the same time, it calls for policies
to promote regional trade and distribution to assure that con-
sumer needs are fulfilled.

If the world food supply becomes more limited than indicated
in the previous paragraph, with population pressing against the
capacity to grow food, the export markets for U.S. food pro-
ducts would grow faster. Prices received by farmers, according
to this picture, will be higher than they would have been. The
higher prices would improve farm incomes and also increase
the returns to suppliers of farm inputs, particularly landowners.
Consumer prices will increase, which will reduce domestic per
capita consumption and reduce the rate of growth in the ser-
vices of agribusiness for processing, distributing, and marketing
food products.

U.S. Agriculture’s Potential

On the other hand, if the world food supply becomes more
plentiful, export markets for U.S. food products would grow
more slowly and U.S. agriculture may develop excess capacity.
Prices received by farmers, according to this picture, will be
lower than they would have been and, if present farm pro-
grams are still in place, extensive financial assistance will have
to be provided to maintain farm income. Consumers will
benefit from lower real food prices and consumption of live-
stock products will increase relative to crop products. The mar-
keting sector will benefit from an increased volume of trade, but
farmers and input suppliers will be disadvantaged.

The different scenarios have implications for the distribution of
income within agriculture as well. Under a tighter world food
situation, feed grain and oilseed prices will be relatively higher,
thus improving the income of crop growers but reducing the in-
come of livestock growers.

The longrun trend in real prices received by U.S. farmers has
been downward in the United States for more than a century
(fig. 1.) This reflects strong growth in agricultural productivity
relative to growth in the demand for foods and it has been in-
fluenced by opportunities for foreign trade. Despite this decline
in real prices received, farm incomes improved. Lower prices
do not mean lower farm incomes if productivity improves and
production per farmer increases.

The price trend has not been steady, however. Prices received
by farmers escalated during and following World War I, then
declined during the twenties and thirties, and escalated again
during World War II. Prices (adjusted for inflation) declined
again during the fifties and sixties but escalated during the food
crisis of the seventies. The likely prospect is for the gradual

Figure 1
Real Wheat Price (in 1967 Dollars)

$/bushel
9

ol 1 v ooty b
1800 20 40 60 80 1900 20 40 60 80




Clark Edwards

downtrend in real prices received by farmers to continue during
coming decades, subject to periodic interruptions. One of the
reasons that real prices received by U.S. farmers are expected
to decrease in coming decades is that real world food prices are
expected to decrease and U.S. prices are affected by trends in
world prices. Another reason is that U.S. agricultural capacity
has tended to grow faster than the domestic and export
markets.

Prices paid by farmers, particularly for energy intensive inputs,
are likely to increase in coming decades. Therefore, a con-
tinued decrease in the parity ratio—the ratio of prices received
to prices paid—is expected. The longrun implications of this
trend are not calamitous for efficient farmers, but the shortrun
implications will raise important policy issues during periods of
lower farmer incomes.

The historical downward trend in the parity ratio provided a
basis for farm price supports during the thirties when agriculture
was considered part of a closed economy. The internationaliza-
tion of agriculture since then changed the basis for farm policy
and suggests a reconsideration of the role of the parity ratio in
farm policy. The foreign consideration is that if the United
States is to expand its export markets, it must match the down-
ward trend in world prices. The domestic consideration is that
the structure of the farm sector is different now than it was 50
years ago when present programs had their beginnings.

Fifty years ago, when most farm production was on diversified
family farms, price supports of selected commodities boosted
the incomes of a broad range of farmers whose incomes were
low relative to nonfarm incomes. Now, after 50 years of farm
specialization and growth, only 5 percent of the farms produce
half the farm output while half of the farms (the smaller ones)
produce only 5 percent of the output (270). Although the aver-
age farm income of the smaller farms continues to be low,
many of these are part-time farms with substantial nonfarm in-
come. The farms now most vulnerable, and perhaps most in
need of a safety net, are the smaller of the commercial, family
farms.

The best level of price support and income protection is an im-
portant issue. Because of changes in the size distribution of
farms, specialization, and access to nonfarm income, those
who now need financial assistance the most no longer tend to
be helped as much by commodity programs (144). In addition,
price supports tend to help most of the farmers whose com-
modities are directly supported. For example, when a farmer
produces both corn and hogs, price supports on corn improve
overall income. But when one farmer specializes in corn and
another in hogs, price supports for corn result in higher feed
costs and perhaps lower income for specialized hog farmers.
The farm programs that worked reasonably well during past
cost-price squeezes apparently will work less well in accom-
plishing the same goals in the future. If growth of agricultural

export markets is to continue, domestic price policies will have
to make sure that U.S. farm products are priced competitively
in world markets.

The analysis in this report of the U.S. farm supply response to
changing world food markets follows Urban in assuming that
moderate world plenty is more likely than scarcity (253).
Hence, the basic scenario recognizes the gradual downward
pressures on prices received by farmers, and upward pressures
on prices paid. However, the evidence supporting this view,
while convincing, is not overwhelming. Deaton (48) demon-
strates that the conclusions one draws with respect to the trend
in real food prices depends on the choice of commodities and
on the time period examined. Therefore, the implications are
also examined in this report of the alternative assumption: that
the next three decades will be characterized by moderate food
scarcity and gradually rising real food prices.

Shortrun World Food Balance

It is possible to have longrun global balance in the world food
situation and at the same time experience shortrun fluctuations
or imbalances as well as persistent regional imbalances. What
may prove to be more important to U.S. farmers and con-
sumers than a possible, small, downward tilt in the longrun
trend for real food prices are increasing shortrun swings from
temporary scarcity to abundance and widening regional dis-
parities. World prices of some commodities have become more
volatile in recent years and prospects for increasing regional im-
balances of production relative to local consumption, increasing
reliance of formerly self-sufficient countries on world markets,
and possible increases in government intervention point to an
increasing volume of world trade, shifting patterns of trade
flows, and a continued relatively high level of world food price
variability. Some countries have changed from importers to ex-
porters while others face increasing food deficits. Therefore, ad-
ditional alternative futures are considered in this report. The
following section examines whether widening regional imbalances
might increase the volume of world trade; the one following
that examines whether trade patterns and world food prices
might become more volatile from one year to the next.

Regional Imbalances. World trends cover up regional varia-
tions. World food production about equals world consumption,
but regional disparities are widening. “World economic growth
has altered the pattern, direction, and volume of world trade”,
according to Mackie (152).

Population is growing below the world rate in most of the
developed countries, and food production is growing above
the world rate. With the exception of Japan, where food pro-
duction slowed during the sixties and seventies, production per
capita is increasing and these countries are net exporters.
Among the developing countries, population is growing well
above the world rate. Production per capita is increasing sub-




stantially in East Asia, Argentina, Indonesia, Southeast Asia,
and Brazil but is decreasing in Sub-Saharan Africa, Egypt, parts
of South Asia, and parts of South America. Among the cen-
trally planned countries, population and production are both
growing below the world rates but production per capita is
increasing.

Some of these disparities reflect longrun regional situations. For
example, Sub-Saharan Africa’s rapid growth in population and
slow growth in food production are likely to continue for some
time. A combination of environmental, political, and economic
forces is behind the serious longrun food problem in Africa and
they have been compounded by drought (95). Sub-Saharan
Africa’s production per capita is likely to continue to be limited
by natural resources, an unstable climate, lack of investment in
agriculture and infrastructure, lack of nonfarm economic
development, inappropriate agricultural policies, and political
instability. Soil deterioration is severe in Nepal, Indonesia,
many parts of Africa, and on the cultivated lands of the Andes
Mountains in South America.

A study of 106 non-Communist developing countries noted
worsening trends in food self-sufficiency for 73 countries, ac-
counting for 45 percent of the population and 58 percent of
the gross national product of all 106 countries (237). These
countries include most of the world’s poorest and smallest
economies and are scattered over three continents and on the
islands of three oceans.

Some of the regional disparities are the result of deliberate ac-
tions, such as to improve diets. Japan and the USSR moved
from food grain economies toward feed-livestock economies.
Such policies make the world food situation tighter because
livestock production requires more resources per capita than
food crop production. During the seventies, Japan’s livestock
production increased by more than 5 percent per year while its
crop production dropped by about 1 percent per year. The
USSR increased livestock production by nearly 2 percent per
year during the seventies while crop production increased little
(274). These countries relied on imports to maintain their ex-
panding feed-livestock economies. They imported feed grains
from the United States, where crop production expanded
rapidly while U.S. livestock production increased about in pro-
portion to the growth in population. China accelerated growth
in food production while slowing its population growth. Food
production per capita in China changed from decreases during
the fifties and sixties to increases during the seventies. This
resulted from adoption of available technology and of increased
incentives from the government. Growth in meat production
exceeded growth in the available feed supply and China
became a major importer of grain (301). The developing coun-
tries, the USSR, and China are expected to continue to be ma-
jor food importers during coming decades (297).

U.S. Agriculture’s Potential

Regional trends suggest an increasing volume of world trade in
food products in coming decades, both in volume traded and
as a percentage of world production. During the past three
decades, the volume of world food trade increased by 5 per-
cent per year. Only a small portion of the world’s food is
traded internationally since most nations are largely self-
sufficient in their major foodstuffs. Improved diets, specializa-
tion in commodities for which there is a comparative advan-
tage, and export either for the purpose of acquiring foreign ex-
change or to draw down domestic surpluses, imply less self-
sufficiency and increasing dependence on world trade. The
persistence of food deficit regions implies the need for counter-
balancing food surplus regions, such as the United States.

Despite relative increases in meat consumption, the world’s
population continues to rely upon cereal grains as the principal
source of both calories and protein (48). The United States and
Canada likely will continue to dominate world grain exports in
coming decades, with Australia, South Africa, Argentina, and
Thailand also contributing. Developing countries will import
about two-thirds of this and centrally planned countries most of
the other third. World trade in high-value crops, such as fruits,
vegetables, livestock products, and processed grain products, is
increasing relative to bulk products such as grain and oilseeds
(179). However, the U.S. share of world trade in high-value
food products has shrunk while its share of bulk products has
expanded.

Temporal Imbalances. World food markets were volatile
during the seventies compared with the relative stability of the
fifties and sixties and continue to be volatile during the eighties
(165, 166, 178). Increasing dependence on world markets
makes both producers and consumers more vulnerable to
adverse conditions and increases the pressures for policies that
protect them from uncertainty. The reasons for the increase in
fluctuations include weather, regional disparities, and interven-
tion by governments. The degree of variation in world food
production changes little from one decade to the next, but the
geographic location of variation may shift. For example, pro-
duction in the United States, South Africa, and India became
more variable during the seventies than it was during the fifties,
while production in China, Japan, and Argentina became less
variable (253). Random variation in world food production in
coming decades is projected, for the purpose of this study, to
be similar to that of recent decades. Changing levels of trade
and of institutional arrangements affecting trade, even with a
continuation of past volatility in production, can lead to
changes in the volatility of world prices and of regional per
capita consumption. This study focuses on changes in the vari-
ability of world food prices and regional trade, not on changes
in the variability of aggregate world food production.

Government intervention during the seventies in trade agree-
ments, subsidies, tariffs, embargoes, and other trade barriers
disrupted trade flows and affected prices. These actions increased
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the volatility of world food markets above the level expected
from weather and trade patterns of the fifties and sixties. U.S.
food prices were relatively stable during the earlier period
because government programs maintained prices received by
U.S. farmers above world prices and therefore free from world
price disturbances. But U.S. prices were again competitive with
world prices during the volatile seventies.

Perhaps the most important source of increasing variability in
world food trade and prices is the intervention of governments
(120). 1t is characteristic of the intervention itself to be volatile,
in that policy reversals are common. Blandford and Schwartz
found world food prices to be volatile because of (1) shortrun
fluctuations in production of developing and centrally planned
economies and (2) the unresponsiveness of market participants
to shortrun changes in world price (21). Wheat production and
wheat prices in the Eastern Hemisphere have traditionally been
more variable than in the Western Hemisphere. Were there no
trade between the two regions, the market for farmers in the
Western Hemisphere would be relatively stable and that in the
Eastern volatile. With free trade, the two regions would share
fluctuations in price and quantity; price fluctuations would
decrease in the East and increase in the West. If governments
in the Eastern Hemisphere adopt protective policies to meet
domestic grain needs annually, regardless of cost, and if
governments in the Western Hemisphere adopt free market
policies, then a food shortage due to adverse weather in the
Eastern Hemisphere would be transferred entirely to the
Western Hemisphere. Fluctuations in price and quantity would
then be felt in the Hemisphere that was stable under isolation.
Decisions by governments to protect and to stabilize domestic
markets, or to impose and then remove embargoes, add to the
instability of world food markets.

U.S. farmers experienced an unusual period of price stability
during the fifties and sixties. Prices received by farmers trended
downward during that period, but the annual fluctuation was
moderate compared with prices before or since. The prospect is
for prices received by farmers to continue to be more volatile
than during the unusually stable fifties and sixties.

There are benefits to price changeability. It permits markets to
signal for resource reallocations and it eliminates inefficient
firms from the industry. Farmers benefit from the higher aver-
age price level that usually accompanies uncertainty. However,
extreme fluctuations can drive firms out of business that would
have been efficient in more normal times, increase concentra-
tion of production, and induce windfall gains and losses. A
high degree of price volatility tends to reduce the efficiency of
agriculture by causing risk-averse farmers, through informal in-
surance strategies (like diversification) to produce less than they
otherwise would. This reduces supplies to consumers and
results in food prices being higher than they would have been if
farmers were more certain of future prices. A high degree of
uncertainty can result in a net loss to society. To the extent that

food price stability is in the public interest, it may be desirable
to find ways to share this risk.

An issue of the late eighties and nineties will be the extent to
which government programs maintain relative price stability as
an adjunct to dealing with the problem of maintaining reliable
export markets for U.S. farmers. At the same time, importers
of U.S. products want a reliable supply. Government price
stabilization usually involves, in addition to orderly export and
import marketing policies, carryover stock management. Tools
other than stocking include price or quantity controls, variable
subsidies, and excise taxes. While intervention by a government
can stabilize its internal market, it is likely to increase price
volatility in the rest of the world.

Stock management in the past had price support as an objec-
tive. Stockpiling to maintain higher prices for farmers will again
result in either burdensome surpluses or severe supply manage-
ment programs. If U.S. stocks are to be manageable, and if
U.S. agriculture is to be competitive in world markets, then
stock management must focus instead on stabilizing prices
around the gradually decreasing world level.

Stock management programs that stabilize prices can be ineffec-
tive if they seek to stabilize prices within too narrow a range.
Private speculators will be driven from the market, and market
signals will not be felt by producers and consumers. At the
same time, stock management programs must face the twin
problems of a run of bumper crops, which leads to burden-
some surpluses, or a run of short crops which reduces stocks to
zero and permits price escalation anyway (194).

The world market for U.S. food exports in the coming decades
is likely to be characterized by increasing per capita consump-
tion, a continued high level of volatility around a moderately
declining trend in real food prices, increasing prices paid by
farmers relative to prices received, and an increasing volume of
world trade relative to production. These trends have implica-
tions for U.S. farmers and consumers. If domestic food prices
match world prices in coming decades as U.S. farmers turn in-
creasingly to export markets as a source of growth, then U.S.
food markets would share the longrun down-drift in prices
received and feel the effects of future disruptions in word trade.
But one cannot rule out that per capita food supplies could, in-
stead, become relatively limited due to faster than anticipated
increases in demand or to slower increases in supply; or that
governments could stabilize world markets. U.S. farm policy
needs to be flexible enough to adapt.

The future is uncertain, so this study is not confined to the out-
come considered most likely. Instead, it examines the implica-
tions of alternative futures. Two questions which have been dis-
cussed are: Will real food prices increase or decrease? and, will
prices become more or less volatile? Out of these two dimen-
sions, four alternative futures can be described: (1) decreasing




real food prices with price stability; (2) decreasing real food
prices with price volatility; (3) increasing real food prices with
price stability; and (4) increasing real food prices with price
volatility. This report considers the implications for U.S. farmers
and consumers of each of these four outcomes.

U.S. Agricultural Trade

U.S. agriculture is solidly linked to the world economy.
Through that linkage, social, political, economic, and natural
events elsewhere influence domestic farm production and in-
come. U.S. agricultural exports have accounted for nearly one-
fifth of total world agricultural trade since 1973. During 1982,
88 percent of the soybeans in world trade were exported from
the United States, 56 percent of feed grains, and 40 percent of
the wheat. The United States held about one-third of the
world’s wheat carryover stocks and 60 percent of the coarse
grain stocks. Wheat, corn, and soybeans account for more than
half the value of U.S. farm exports. Therefore, even though
exports are important to the growers of several other com-
modities, the implications for the aggregate income and pro-
duction of U.S. agriculture of changes in the world food situa-
tion can be estimated by examining the exports of only a few
principal crops.

Two out of 5 acres of U.S. cropland are harvested for export
markets. A major share of the income to the crop sector
depends directly on exports. Income to the livestock sector is
affected indirectly through feed costs. The growth and stability
of U.S. agriculture have important consequences for world
food markets. The converse is also true: the growth and stabili-
ty of world food markets have important consequences for
U.S. agriculture.

From one viewpoint, the United States entered this market
relationship actively—grass roots organizations have spoken in
favor of (for example, growers of commodities in surplus) and
against (for example, resource conservationists) increases in ex-
ports; and government policies have, at different times, con-
tributed to both increases and decreases in exports. However,
the United States has tended to play a relatively passive role as
a residual supplier—expanding exports, increasing production,
and drawing down stocks when the world food supply is tight;
and contracting exports, decreasing production, and building
up stocks when the world situation eases. In relatively stable
and growing world food markets, such a role can be played
with a minimum of government intervention. However, when
world prices become erratic, the resulting buffeting of U.S.
agriculture induces those who are disadvantaged to plead for
protection.

The last time agricultural exports rose to a dominant position in
U.S. food markets was during the expansion related to World

War I. By the early twenties, 1 acre in 5 was harvested for ex-
port. These markets closed during the twenties and thirties and

U.S. Agriculture’s Potential

by 1940 the United States exported almost no agricultural pro-
ducts. Following the buildup for World War II, U.S. export
markets grew unsteadily until, by the late sixties, 1 acre in 5
was again harvested for export. After World War I, exports
were mostly for industrial and nonfood uses: cotton, tobacco,
hides, and tallow. The resurgence of exports following World
War II, especially wheat, was oriented more toward food.
Subsequent export growth, during the seventies, shifted em-
phasis to livestock feed, especially corn and soybeans. The shift
from food to feed reflects a change in emphasis from aid and
concessionary sales to satisfying the market demands of coun-
tries with rising purchasing power.

During the fifties and sixties, while export markets for U.S.
farm products were growing, U.S. agriculture experienced
problems of surplus production. Fewer cropland acres were re-
quired each year to meet domestic needs because of advancing
technology. While more acres were devoted to exports, other
acres were retired from crop production under various supply
management programs. By 1969, when 61 million acres were
harvested for export, 58 million acres were diverted from pro-
duction under government programs (74). U.S. agriculture had
sufficient retired cropland to approximately double its level of
exports. And that is what happened even though the acres re-
leased from diversion were not necessarily the same acres used
to grow export crops. As more land came out of retirement
during the early seventies more of the harvest was for export.
Much of the expansion during the seventies was on land that
had been idle, fallow, or used for growing crops not excluded
by government programs. There was an increase in double
cropping and additional conversion of pastureland to cropland.
There were reductions in the cropland harvested for domestic
markets, and there were regional shifts in the location of
production.

The growth in U.S. export markets during the seventies was
due as much to supply push (the availability of retired cropland
and other farm resources and changes in price policy to be
more competitive in world markets) as to demand pull
(expanding markets in the USSR and China) (122). The
United States is an exporter of primary products from its high-
technology agriculture and an exporter of high-technology in-
dustrial products such as complex machinery and electronic
goods. It is an importer of various raw materials and mid-
technology products. The declining value of the dollar in the
early seventies helped expand both farm and nonfarm exports
during the decade just as the rising value of the dollar helped
to limit exports in the early eighties (145).

During the seventies, the quantity of U.S. agricultural exports
rose at an average annual rate of about 8 percent. This pace
was not sustainable in the long run without sharp changes in
relative prices, consumers’ well-being, and agricultural struc-
ture; it implied a doubling of exports every decade. The acres
in reserve had been released during the early seventies and ab-
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sorbed into production; they were no longer a source for
growth. The more intensive use of cropland raised concerns
about soil conservation and environmental quality. Resources
other than land were needed, and the increased demand for
inputs by farmers caused them to increase their purchases of
farm inputs despite increases in prices paid. Increased exports
resulted in tighter domestic markets and less food at higher
prices for domestic consumers. The proportion of cropland har-
vested for export increased to 40 percent by the end of the
decade from 20 percent at the beginning. In 1980, 68 percent
of the rice acreage was harvested for export, 65 percent of the
wheat, 62 percent of the cotton, 53 percent of the soybeans,
and 30 percent of the corn.

During the early eighties, the demand for U.S. exports weakened.
The value of exports fell by 21 percent during 1981-83; about
half the reduction came from lower prices, the rest from reduced
quantities. Corn exports peaked at 61 million metric tons in
1980 and then fell to 47 million in 1983, a drop equivalent to
the harvest of 5 million acres.2 Wheat exports peaked at 46
million metric tons in 1982 and then fell to 39 million in 1983.
Soybeans and products peaked at 33 million metric tons in
1982 and fell slightly in 1983.

Nominal prices received for farm exports about doubled during
1973-74, held steady until 1978, then rose again moderately
during 1979-81. Prices were generally lower for most major
farm exports in 1983 than in 1982, but were higher again in
1984. Sluggish worldwide economic growth contributed to the
slowing demand for U.S. farm products, and a strengthening
dollar in world markets added to the prices paid by importers.
In addition, government policies (mostly by the United States,
the Soviet Union, and the European Economic Community)
led to changes in trade flows. The Soviet Union improved the
feeding efficiency of domestic grain and thereby reduced its de-
mand for imports. World production of wheat and soybeans
rose, so the need to import these crops from the United States
was reduced. Several importing nations, particularly those with
heavy indebtedness at a high rate of interest, had balance of
payments difficulties that limited their ability to import. The
growth during the seventies of markets for U.S. agricultural ex-
ports came to an end during the early eighties not from the
U.S. supply side, but from the export demand side.

The loss of U.S. export markets during this period was not
unique to agriculture. During the seventies, the value of farm
exports rose by 16 percent per year, about in line with growth
in nonfarm exports; exports as a share of Gross National Pro-
duct doubled during this period. About one dollar in five of
total U.S. exports is for agricultural products.

The United States is not only the major exporter of agricultural
products, it is also a major importer, exceeded only by the

ZA metric ton equals 2,204.62 pounds.
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European Economic Community and the Soviet Union. Eighty-
five percent of U.S. food consumption is from domestic
sources, the other 15 percent is imported. The value of U.S.
agricultural exports has exceeded imports since 1960. During
the early eighties, the balance of agricultural trade was around -
$25 billion. This trade balance is available as foreign exchange
with which to acquire nonfarm imports, support capital out-
flows, and meet U.S. obligations for payments. Exports provide
expanding markets for domestic products and increasing levels
of foreign exchange.

Imports contribute to deficits in the balance of payments and
they substitute for goods and services that might have been
produced domestically. When the dollar becomes more expen-
sive in terms of foreign currency, not only are exports reduced,
but imports are increased. However, the view that exports are
beneficial and imports detrimental to an economy oversimplifies
the issue. Imports are a necessary part of foreign trade. We
have to import if we expect to export. Exports can draw down
domestic supplies, make domestic markets tighter, and
strengthen domestic prices whereas imports can weaken
domestic prices. Imports can increase efficiency by bringing to
domestic markets items for which other countries have a com-
parative advantage. Such imports are called supplementary, or
competitive imports. They include certain meat products, fruits,
and vegetables. Imports also provide the domestic economy
with food products we do not grow domestically, such as
bananas, coffee, and tea. The latter are called complementary,
or noncompetitive imports.

The quantity of noncompetitive food imports has changed little
since World War Il and the year-to-year variations have been
small. Competitive imports have been growing and fluctuating.
Competitive imports grew at an annual rate of about 7 percent
during the late sixties and early seventies. This period of growth
in imports was associated with: growth in domestic demand for
all food products; domestic inflation at a time when prices of
imported foods were relatively steady; and, for the early part of
the period, acreage retirement under farm price support
programs. Import prices began to rise during the seventies at
around 7 percent per year. Competitive imports showed
considerable year-to-year variation around the midseventies,
but no further upward trend until the mideighties.

Exports and competitive imports have both increased and
become more uncertain. Exports rose faster than imports so
that until the early eighties there was an increase in real

net exports.

A resurgence in exports depends on several factors. (See “U.S.
Supply Response to Foreign Demand,” a later section of this
report, for a discussion of factors affecting supply.) Demand
factors that would lead to a resurgence include: an acceleration
in world population and income, a setback in the expansion of
world food production, a less expensive dollar, and govern-




ment policies and institutional arrangements (undertaken either
by the United States or by others) that boost exports through
changes in monetary policy, tax laws, quotas, embargoes, sub-
sidies, promotions, or aid. Several of these factors appear
adverse at the present time. For example, the U.S. dollar has
appreciated relative to the basket of currencies representing the
importers of U.S. farm products. During 1978-84, the increas-
ed value of the dollar raised the cost of U.S. products to im-
porters at an average rate of 5 percent per year in real terms
{fig. 2). This compares with a decline in the real cost during
most of the seventies when markets for U.S. exports were ex-
panding rapidly.

Longrun prospects are that farm product exports will resume
their upward trend, but at a slower pace, possibly 3 percent per
year compared with 8 percent during the seventies (95). Given
the dependence of U.S. farmers on export markets, particularly
for wheat, corn, and soybeans, one of the most important fac-
tors that will determine farm income in coming years is the
level of, and stability in, food export markets.

Changes in U.S. agriculture’s relationship to the world food
economy have changed the basis for U.S. farm policy. During
the thirties, when the forerunners of today’s U.S. farm pro-
grams were put in place, the concern was for a disadvantaged,
lower income, fundamental agricultural sector. Agricultural ex-
ports were not significant. Consumers had much to gain by
assisting the agricultural sector in a closed economy. When the
agricultural industry was found to be disadvantaged through no
direct fault of farmers, programs were adopted to transfer in-
come from the nonfarm to the farm sector. The cost of these
programs was met by higher consumer prices and by taxes.
The benefits accrued mostly within the domestic economy to
consumers (who gained a dependable food supply from an in-

Figure 2
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creasingly efficient domestic agriculture) and to farmers (who
received transfer payments or prices higher than free markets
would yield). Landowners benefited from higher land values.

Fifty years later, the improved incomes of the farmers who pro-
duce most of the farm products, the changing structure of agri-
culture toward fewer and more efficient farms, the dependence
on financial markets, and the dependence of agriculture on in-
creasingly volatile export markets suggest a reorientation of
agricultural policies. The older objective of higher prices to pro-
tect farm income conflicts with the newer objective of lower
prices to maintain and expand exports. World food prices, after
adjustment for inflation, are expected to decline moderately
during coming decades; and domestic agriculture will have the
potential to produce more than enough for domestic and ex-
port markets at anticipated prices. For these domestic and for-
eign reasons, real prices received by U.S. farmers in coming
decades are expected to continue their longrun decline. Tax-
payers who tacitly agreed to farm subsidies in a closed economy
may question supports for crops that are mostly for export. In
addition, the volatility of the world food price could be reflected
in U.S. markets. If U.S. agriculture is to be a reliable supplier
of food to the world, then new policies to protect it from buf-
feting in an open economy must be considered as replacements
for the old policies designed to assist a low-income industry in
a closed economy.

Whether the markets for U.S. exports expand or contract, or
whether they become more stable or volatile, has important im-
plications for the efficiency of the agricultural system and for
the distribution of income among farmers, consumers, the
domestic nonfarm sector, and U.S. trading partners. Changes
in the world food situation, therefore, have important implica-
tions for U.S. agricultural policy. In turn, actions affecting U.S.
agriculture taken during the remainder of the eighties will have
consequences for what the U.S. and world food situations will
be in coming decades.

Domestic Demand for U.S. Farm Products

From the thirties through the sixties, farmers looked to a grow-
ing domestic market as the basis for agricultural growth. This
orientation changed during the seventies. Fluctuations in export
markets have had far more impact on farm income and pro-
duction than have the moderate changes experienced in the
domestic market. Even so, the domestic market now absorbs
about 90 percent of the livestock output, and 60 percent of the
output of harvested cropland. Nonfarm businesses closely linked to
agriculture (agribusiness) account for more of the value added
to food products than does farming and for more of the jobs
related to food and fiber processing and handling. The nonfarm
business and the consumer sectors of the U.S. economy are in-
timately linked to agriculture and therefore have a stake in
world food supplies and prices, and in U.S. farmers’ adjust-
ments to world conditions.
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The size of the U.S. market for farm products varies with
population, per capita income, income distribution, the price of
food relative to nonfood items, relative prices among food
items, and tastes. It also depends on the competition of export
markets for domestic food supplies. '

Changes in population explain more of the variation in the size
of the domestic market for food products than do changes in
consumption per capita. U.S. population growth is slowing; the
annual rate of growth is down to 0.9 percent and is expected
to drop further, to around 0.6 percent, by 2000. It may be
close to zero by the middle of the next century, according to
projections of the U.S. Bureau of the Census. The domestic
population may reach its maximum during the next century at
a level one-third larger than the present level. If per capita food
consumption remains constant, population growth will increase
the U.S. market for farm products by only 20 percent over the
next three decades. Farmers can no longer look to a growing
domestic population as a major source of growth in the de-
mand for food. .

Real income per capita is expected to rise over the next three
decades, and the higher one’s income, the more one is likely
to spend for food. However, people tend to be already well fed
in developed economies, so a further increase in per capita in-
come might lead to only small further increases in food pur-
chases. Changes are more likely to be in quality, or in value
added after the food products leave the farm, than in addi-
tional volume of foodstuffs from farmers. The relation of in-
come to food expenditures in the United States implies that, as
the economy grows, agriculture also grows, but more slowly
because people spend most of their additional income on
things other than food. Agriculture accounts for a declining
share of the growing total economy.

The cost of food relative to the purchasing power of an hour’s
work has fallen at an average rate of about 1.5 percent per
year in this century. The decline has not been steady, however.
Real food prices fell rapidly during the thirties, rose during the
forties, and fell again during the fifties and sixties. There was an
increase in real food prices during the seventies which reflected
the accelerating exports and tighter domestic food markets.
When real prices for food rise, people tend to buy less but they
devote a larger share of their income to food. During the early
eighties, the real price of food returned aboutto the level of the
midsixties. The increase in real food prices during the seventies
may prove to have been a temporary interruption of the long-
run downtrend.

If world food supplies become more plentiful, then consumer
prices will decrease, but not at the same rate for all com-
maodities. The changes in relative prices will induce changes in
the mix of commodities consumed. For example, the demand
for grain for food is relatively inelastic, so if supplies increased,
the resulting price decreases would induce relatively small in-

12

creases in consumption. Alternatively, the demand for meat is
relatively elastic, so if supplies increased, the resulting price
decreases would induce relatively larger increases in consump-
tion. Consequently, if there were comparable inducements to
farmers to increase the supplies of both products, prices for
grain would fall relative to prices for meat and grain would be
considered a better buy than it had been. This would induce
farmers to shift toward less grain and more meat production.
As a result, per capita consumption of meat would increase
relative to grain used for food. Therefore, an increase in world
food supplies could lead to relative increases in the quantities
of livestock products sold and to relative decreases in the prices
received for crop products.

An increase in the domestic demand for food affects U.S. agri-
culture differently than an increase in export demand because
of the different proportions of crop and livestock products in
the two markets. An increase in domestic demand affects all
commodities more or less equally whereas an increase in for-
eign demand is mostly for crops, particularly wheat, corn, and
soybeans. Increased export demand improves the income of
crop producers, but, because of the impact on feed costs, it
can adversely affect livestock producers. Slower domestic
growth relative to exports, therefore, implies redistribution of in-
come within agriculture favoring crop producers unless changes
are made in the competitiveness of U.S. livestock products in
world food markets.

The net implication of the trends in population, income per
capita, income distribution, real food prices, relative food prices,
tastes, and political strategies is that the domestic demand for
food will rise by less than one-third during the next three
decades, with most of the increase associated with population
growth. Domestic agriculture can meet these demands by ex-
panding production for domestic use by around 1 percent or
less per year. The productivity of agricultural resources has
been growing faster than the domestic market, so fewer farm
resources are needed each year to meet domestic needs. If
U.S. consumers were the only market for U.S. food products,
U.S. agriculture would have surplus capacity, low income, and
continued outmigration of people and resources.

A number of nonfood uses can absorb resources used by
farmers. Some of these are within traditional agriculture, such
as fiber. Others are.not traditional, such as production of gaso-
line substitutes from farm products (28). Yet others are non-
farm activities such as forestry, mining, and numerous residen-
tial, industrial, and urban uses of resources also used by
farmers. It is technically feasible that some of these uses of farm
resources—biomass for energy, for example—could absorb a
large share of the potential output of U.S. agriculture. Such
large-scale changes are not now considered economically effi-
cient (306). Therefore, further expansion of export markets ap-
pears to be the basis for continued growth of U.S. agriculture.




Farming is only part of the total food production process. In
the United States, about 3 million people are employed on
farms; another 20 million are engaged off the farm in providing
additional goods and services—in the form of processing, dis-
tributing, trading, and indirect services to those directly in-
volved—which add to the final value of food products. Most of
the agribusiness jobs are associated with providing food and
other farm products to domestic consumers, fewer than 1 mil-
lion jobs are associated with food exports (272).

The incomes of the persons in agribusiness who work for
domestic food markets are affected differently than the incomes
of farmers or of the persons in agribusiness who work for ex-
port markets. A large amount of value is added to food pro-
ducts on their way from the farm to domestic markets com-
pared with the relatively little processing or packaging involved
in most exports. This means that demand for an additional $1
of farm products (at the farm gate) has far more impact on
national income and employment if that farm product is for
domestic consumption than if it is for export.

The prospect for relatively slower growth of domestic than for-
eign markets therefore has potentially important distributional
consequences. Relatively rapid growth in export markets pro-
vides income and employment to farmers (particularly growers
of grains and oilseeds), to those who supply inputs to farmers,
and to those who handle, process, and transport farm products
for export. But the crowding out of domestic markets when ex-
ports increase implies a relative tendency toward increased
unemployment, idle plant capacity, and higher unit costs in the
marketing sector, unless more processing, packaging, and other
values are added by agribusiness to U.S. food exports.

U.S. Supply Response to Foreign Demand

The future economic environment of U.S. agriculture will be
fundamentally different than in the past, in part because export
markets have become more important than domestic markets
as a basis for growth. The export markets are likely to be
volatile and there may be extended periods during which they
grow too slowly to absorb growth in U.S. production. Domestic
food markets will grow, but more predictably and at a relatively
slower rate. Traditional export markets, such as for grain and
oil crops, do not support growth of that portion of the
agribusiness sector that processes and markets domestic food
products.

This study now turns to an analysis of the supply response of
U.S. agriculture to alternative world food situations, and to the
implications for farmers, consumers, farm input suppliers, the
postharvest marketing sector, and foreign trading partners. The
impacts of exports on agriculture are examined first. Then the
analysis turns to resource availability and allocation.

U.S. Agriculture’s Potential

Export markets compete with domestic markets for food.
Therefore, if exports are to increase without reducing domestic
use per capita, then either the quantity of resources used in
agriculture must increase or the productivity of resources
already in use must improve. These relationships are captured
in the following equation:

(resources used X yield) - exports

domestic food per capita =
population

The equation provides useful insights into the world food prob-
lem and it points to the kinds of data required to describe the
present situation and to project the future. It relates factors af-
fecting the role of U.S. farmers in meeting world food needs to
the prospects for gaining access to additional land, water,
energy, and technology.

However, although the relation is widely used, it oversimplifies.
It fails to recognize the interaction of structural change with pro-
ductivity. Second, if the analysis is done at a high level of ag-
gregation, a pessimistic conclusion always follows: if yield does
not increase faster than a specified rate, then resource use
limits growth. This same pessimistic conclusion can be stated
differently: if the use of resources does not expand to a
specified level then technology limits growth.

The oversimplifcation can be removed by disaggregating the
variables in the equation, by introducing other explanatory
variables, and by allowing for substitutions in production and
consumption (150). Disaggregation can be by kind of resource,
regional location of production, type of farm, and type of com-
modity. Additional explanatory variables include institutional
considerations such as type of farm organization, tenure, mar-
ket structure, and government programs. The additional equa-
tions required to describe the additional variables include those
that analyze substitutions in consumption and in production
among resources, regions, and commodities that are induced
when a bottleneck occurs with respect to a particular resource
used in a particular region for a particular commodity. When
analysis penetrates beneath the aggregates, a more optimistic
conclusion may be reached about the ability of U.S. agriculture
to meet expanding domestic and foreign demand because the
analysis then allows for the flexibility and resilience of agricul-
ture in response to change. The disaggregation can be and
often is done intuitively with good results. However, to do it
systematically requires an explicit and detailed economic
model. The modeling approach was used in this report.

The considerable opportunity for substitution and adaptation is
evidenced by past trends. Less labor is used in agriculture in
combination with more purchased inputs on about the same
amount of land to increase farm output (269). The effects of
exports on agriculture, using a model that permits flexible sub-
stitutions, were examined by Meister, Chen, and Heady, whose
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conclusion is a compact summary of what detailed and explicit
models can reveal:

“The main impact of higher exports is the increase in
the general price level. Higher prices have the ap-
parent effect of reducing per capita consumption of
food. . . United States agriculture can produce these
high exports. . . Higher commodity prices and land
rents conform with greater income to the farmers but
higher food costs for consumers. . . Substantial in-
terregional shifts occur in land use and cropping and
in livestock production patterns” (159, page 72).

Two relatively complex models of U.S. agriculture, involving
more than 300 equations each, were relied on in this report to
evaluate the impacts of alternative world food situations. One
captures the structure of supply and demand in the markets for
U.S. farm commodities over time. This time-series ERS model
is called the Food and Agriculture Policy Simulator (FAPSIM)
(216). The other is a regional mathematical programming
model that solves for the efficient allocation of land, labor, and
other farm inputs among agricultural commodities at a given
time. This cross-sectional ERS model is called United States
Mathematical Programming Model (USMP) (111, 112, 113).

Adjustment to Alternative Export Trends

Three questions were posed for the time-series model concern-
ing longrun trends:

e What happens to U.S. farm prices, volume of produc-
tion, and income if export markets grow relatively rapidly
in coming years, as would be expected were the world
food situation to become relatively tight?

e What happens to U.S. farm prices, volume of produc-
tion, and income if export markets grow relatively slowly
in coming years, as would be expected were world food
supplies to become relatively plentiful?

e What hypothetical rate of growth in export markets ap-
proximates the central scenario wherein real food prices
are about constant over time, and how does this com-
pare with current prospects for actual growth in the ex-
port markets for U.S. farm products?

A simulation of alternative futures, based on the structure of
U.S. commodity markets for major crop and livestock products
over the last decade or two, helped to answer these questions.
Alternative time paths from 1982 to the year 2000 were ex-
amined for production and use of major commodities, for
prices, and for farm income under alternative assumptions
about the market for U.S. crop exports. The alternative
scenarios assumed different growth rates in exports: 2 percent
per year, 3 percent, and so on. Seven crops were included in
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the analysis: wheat, corn, sorghum, barley, oats, soybeans,
and cotton. Yields per acre increased a little over 1 percent per
year using yield trend equations. Seven livestock products,
consumed domestically but not considered for export, were
also included: beef, pork, young chicken, other chicken,
turkey, eggs, and milk.

Scenario 1 - Average Growth. If export growth averages 3
percent per year, the proportion of acreage harvested for ex-
port by 2000 will rise to 50 percent (fig. 3). Forty percent of
harvested acreage is for export now, up from 20 percent a
decade ago. This and the projected 1-percent annual growth in
domestic markets will about absorb prospective increases in
domestic capacity. U.S. exports are projected to grow slightly
below the 3-percent rate during the coming decade, although
year-to-year variations are expected above and below that
level. Considering worldwide trends toward increased produc-
tion, the U.S. share of world production is likely to decrease,
as is the U.S. share of world trade. However, under the
3-percent scenario, the United States will continue to be the
major exporter of farm products during coming decades.

Growth in exports of 3 percent per year will about absorb the
potential growth in production, given the expected growth in
domestic markets. Production would expand to satisfy both
domestic and foreign demands with little change in consumers’
real food prices. This suggests that domestic agriculture must
become increasingly dependent on foreign markets if growth is
to be accompanied by a balance between the interests of
domestic consumers and the interests of farmers. Price and in-
come levels would require little or no support from present
farm programs were the programs to be continued. This scenario
implies less than a 10-percent increase in cropland use over the

Figure 3
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next two decades, with most of the added acreage for soy-
beans. (The supply of cropland to meet these needs is dis-
cussed in the section “Implications for Resource Use in U.S.
Agriculture.”) Consumers would eat more beef, pork, and
poultry, and more soybean, corn, and barley products than in
1982, but the domestic food market would be smaller for other
grain and livestock products.

Scenario 2 —Slow Growth. If exports rise only 2 percent per
year for a period of years, the analysis shows that the forth-
coming food supply would be large relative to demand. We
would then find ourselves with food surpluses, downward
pressure on prices received by farmers, and deep concern for
moving excess resources out of a depressed agriculture.
Farmers would produce less wheat, corn, soybeans, and cot-
ton, and about the same amount of livestock products com-
pared with average growth (scenario 1). Real prices received by
farmers would decline for all commodities. Farm income and
land values would decline relative to what they would have
been with stronger export markets. If advanced technology
continues to be adopted, then many resources now used in
agriculture might not be required. For example, less cropland
will be used in 2000 than in 1982 if exports expand no faster
than 2 percent per year. There might be incentives to expand
exports and pressures to continue programs that support farm
income. If present farm programs were to continue, deficiency
payments based on the gaps between market prices and target
prices would constitute a large share of farm income. Domestic
consumers, however, would benefit from plentiful food supplies
and lower real prices; they would spend a smaller share of
disposable income for more food, and the volume handled by
the marketing sector would increase.

Scenario 3 —Fast Growth. If, instead, export markets rise at
an annual rate of 4-5 percent per year, we would find our-
selves in a situation of scarce and costly food supplies with
deep concerns for where to find the resources to expand pro-
duction. Demand would be large relative to supply. There
would be little or no incentive to seek further acceleration in
demand. Real food prices would increase. Livestock product
consumption would probably decline but dairy product con-
sumption would be sustained and more wheat products would
be consumed. Consumers would pay a larger share of income
for a smaller quantity of food than under the 3-percent
scenario, and the volume of food products handled by
agribusiness would decline. Consumer groups and the
marketing sector would have the incentive to limit price in-
creases and to divert more of the farm output into domestic
markets. Such actions were suggested during the seventies
when the rise in prices received by farmers took part of the
blame for domestic inflation.

Farmers and farm input suppliers benefit from scarce world
food supplies and rapid export expansion. Crop farmers would

U.S. Agriculture’s Potential

receive more benefits from expanding exports (of grains and
oilseed crops) than do livestock farmers, and the larger and
more efficient commercial farmers receive more benefits from
programs that protect agriculture than smaller commercial
farmers. Farm income will increase sufficiently under the 4- and
5-percent scenarios so that deficiency payments, if present farm
programs are continued, will not be required. More resources
would be needed and higher prices would be paid for them.
Acreage planted would increase by about 20 percent above the
1982 level under the 5-percent scenario and land values would
rise. The potential to convert this much land to cropping uses is
high according to the 1982 National Resource Inventory.
Pressures against natural resources would reduce vields slightly
relative to the 3-percent scenario despite the inducement of
higher prices received to increase yields. The proportion of
acreage harvested for export would rise to around two-thirds of
harvested acreage by 2000 and agriculture would be very
dependent on foreign markets.

U.S. farmers experienced pressures not unlike the fast growth
scenario during the seventies and the slow growth scenario
during the eighties. In the long run, growth of export markets is
expected to average within the range of 2 to 5 percent, and if it
does the agricultural system has enough flexibility to adapt to a
wide range of alternative economic situations. However, the ac-
companying changes in relative prices will induce redistributions
of income among consumers, the marketing sector, farmers,
resource suppliers, and U.S. trading partners. Simulations out-
side the range, for example at 1 percent or 6 percent, indicated
that the stress on agriculture would be great and structural
changes would be induced beyond the powers of the model to
examine.

The main conclusions reached with the aid of the simulation
over time concerning the U.S. supply response to alternative
world food situations are:

® The domestic market does not support a growing farm
sector. The growth and economic health of U.S. agricul-
ture depends increasingly on the growth and reliability of
export markets.

® Export growth sufficient to absorb increases in output
without depressing prices requires that export markets
grow close to 3 percent per year. With such growth, the
acreage harvested for export would rise to 50 percent by
the end of this century, making U.S. agriculture even
more dependent on world markets.

® Current prospects are that U.S. crop exports will grow
slightly under 3 percent per year in the coming decade
and that the capacity to produce crops for export will
grow by slightly over 3 percent. Therefore, agriculture
has the capacity to meet expected demands even at
moderately decreasing real prices received.
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¢ Growth of less than 2 percent per year in export markets
is unlikely for the long term. Were growth to fall much
below the trend of 3 percent, we could expect plentiful
food supplies for domestic consumers but, in the absence
of farm income and price support programs, depressed
farm incomes, capital losses, and shifting of resources out
of agriculture in search of better economic opportunities
in the nonfarm sector.

® Growth of more than 5 percent per year in export mar-
kets is unlikely for the long term. Were growth to rise
much above the trend of 3 percent, we could expect
higher real food costs to domestic consumers and reduced
consumption of livestock products relative to crop pro-
ducts. Livestock growers would sell fewer products at
higher prices; crop growers would sell more at higher
prices. Farm income would be high enough to eliminate
payments and supports under present farm programs (ex-
cept perhaps for dairy). Capital gains would accrue to
landowners.

¢ Resource availabilities and prospective advances in tech-
nology seem adequate to support domestic markets that
grow in line with past trends and export markets that
grow between 2 and 5 percent per year. If exports grow
less than that, the agricultural sector could again become
distressed, with low prices and incomes. If export markets
grow more than that, various social, institutional, struc-
tural, and distributional problems could beset agriculture
long before natural resource availability becomes limiting.
Considerations are likely to arise such as how to maintain
balance between consumer and farmer interests, between
livestock and crop growers, and between landowners and
land users as relative prices change for commodities and
resources.

Reallocation of Scarce Resources

Additional questions were posed for the cross-sectional model
concerning the allocation of agricultural resources among com-
modities and regions under alternative export situations:

¢  What regional adjustments are likely in commodities and
inputs in response to a change in crop exports?

¢  What regional adjustments are likely in commodities and
inputs in response to a change in the volatility of export
prices?

¢  What might happen to the supply of commodities for for-
eign and domestic use when more resources are made

available to agriculture, or when technology advances?

The second and third questions are treated in the subsequent
section on “Implications for Resource Use in U.S. Agriculture.”
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The cross-sectional analysis of the first question both com-
plemented and supplemented the time-series analysis and is
discussed here. This part of the analysis is based on simulations
of four alternatives to the present situation, with 30, 60, and
90 percent more exports than now and with 30 percent less,
using present technology. The time path for adjusting to the
alternative conditions was not examined. One can imagine it
would take a decade or two for farmers actually to make the
indicated adjustments.

The cross-sectional and the time series simulations describe the
demand for commodities in about the same way. The com-
maodities included in the two analyses are about the same. The
cross-sectional analysis includes rice and disaggregates some of
the livestock products. For example, it separates beef into fed
beef, nonfed beef, veal, and cull cows. However, on the supply
side, the cross-sectional analysis is based on a fundamentally
different kind of analytical framework than the time series
analysis; it uses different data and logic. For example, it
recognizes more wide-ranging adjustments in resource use in
response to changing relative prices than does the time series
analysis. Consequently, while the two approaches overlap in
some respects, they provide different perspectives for dealing
with the questions posed. Only the time-series results have
been discussed so far. The following paragraphs present the
cross-sectional results and include comparisons with the time-
series results.

Both simulations indicate that a more limited world food situa-
tion with a higher export level will improve farmer incomes,
reduce domestic consumer welfare, induce shifts toward
relatively less livestock products in domestic diets, and create
capital gains for owners of farm assets. And both indicate that
U.S. agriculture has the potential to meet the market demands
likely to be placed on it in coming decades.

An increase in exports of cash crops will improve farm income,
but the gains will be mostly for crop enterprises. Livestock
enterprises will face higher feed costs, which will reduce live-
stock production and, despite higher prices received, income.
Each 10-percent increase in crop exports would induce about a
2-percent increase in cropland, 2-percent increase in hired
labor, and 0.2-percent decrease in pastureland use after suffi-
cient time had elapsed for all the reallocation adjustments to be
made. Cropland rental and wage rates would increase. The use
of most purchased farm inputs would increase as exports in-
creased, but fewer inputs would be required in the declining
livestock sector. For example, the use of pastureland, grazing
land, and veterinary services would decline. Expanding crop
exports would lead to increasing demand for farm inputs
resulting in higher prices paid by farmers and in improved in-
come for the owners of farm inputs.

The cross-sectional simulation is in agreement with the time
series in showing that U.S. agriculture has the ability to respond




to substantial growth in exports. Assuming no change from
present technology, a doubling of crop exports would require a
20-percent increase in cropland after all allocative adjustments
are made. This is well within the availability of land with a high
potential for conversion. If an allowance were made for tech-
nological advance, then less additional land would be required.

The supply response to expanding exports is accomplished, ac-
cording to the simulations, mostly by increases in production,
although there are some reductions in domestic use and stor-
age. The supply response is more elastic (more responsive to
price changes) in the cross-sectional analysis than in the time
series. This is an example of how the equations in an economic
model can predetermine whether an analysis will arrive at an
optimistic or a pessimistic conclusion. The cross-sectional
simulation incorporates considerable opportunity for resource
and commodity substitution of the kind expected as agriculture
approaches longrun general equilibrium. It therefore indicates
relatively more production and less price response to a change
in exports. The time-series simulation indicates relatively more
price and less production response. Price increases associated
with expansions of exports by 30-60 percent above the base
level induce more production of cash crops according to the
cross-sectional study (an elastic supply response). The supply
response is moderately inelastic for further export increases:
that is, production cannot rise much more, even when en-
couraged by higher prices. For the time-series study, however,
the supply of cash crops is relatively inelastic throughout the
entire range examined, so increased demand raises prices more
than production.

Prices would increase for both crops and livestock as crop ex-
ports increase. Higher prices for feed grain would limit the use
of feed for livestock, so a reduced quantity of livestock pro-
ducts would be supplied to consumers at higher prices. The
supply of corn is more elastic than the supplies of soybeans,
oats, and barley, so the price of corn would increase less than
in proportion to prices for the other feed grains. Corn would
replace some of the sorghum, oats, and barley used to feed
livestock.

Consumer welfare changes are similar in both simulations
because both use essentially the same domestic demand struc-
ture. As exports of cash crops expand, consumers pay higher
prices and a larger percentage of income for less food, par-
ticularly less livestock products.

The supply response of U.S. agriculture displays important
regional variations. Figure 4 shows relative changes in net in-
come (gross income less variable cost) for 10 multistate regions
in response to a 30-percent increase in the exports of all crops.
The relative gains would be greatest in the Northern Plains and
Mountain regions. The figure shows changes in net income, but
the cross-sectional model includes additional detail. The North-
ern Plains region would lose more of its value of livestock pro-
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duction than other regions, but this would be more than offset
by gains from increased production of wheat and corn. The
Mountain region would produce more corn both for export and
as feed for cattle, thus realizing gains in both crops and live-
stock receipts. Growth in income would be lowest in the Pacific
region where strong gains in crops would be about offset by
losses in the value of production of livestock. The Northeast
region would lose only slightly in livestock receipts but would
be the least able region to profit from the expansion in crop
exports.

Distributional Consequences

The flexibility of U.S. agriculture to adjust to a wide range of
alternative export situations shifts the concern from the feasibil-
ity of producing enough food to the prospect for substantial re-
distributions of income as agriculture adjusts to changes in its
export markets. Alternative world food situations have impor-
tant implications for the distribution of benefits and losses
among consumers, the marketing sector, farmers, resource sup-
pliers, and U.S. trading partners.

Consider the distributional implications of another world short-
fall of feed grains, for example, such as was experienced during
the seventies. Many variables would be affected; while each in-
dividual change caused by a shorffall of feed grains is plausible
enough once it has been noted, the collection of all changes as
the economic forces multiply through the economy form a
complex pattern, which can be traced by the cross-sectional
model. The consequences of an increase in exports favor some
groups and slight others. As the world price of a relatively
scarce commodity increases, the United States, as a residual
supplier, would increase its exports. This would draw down

Figure 4

Regional Change in Net Farm Income in
Response to a 30-Percent Increase in Crop
Exports
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stocks, reduce the domestic supply of grain, and increase the
domestic price. More resources would then be attracted to pro-
- duce the scarce commodity. Part of the added resources would
come from reduced inputs into other commodities, but ag-
gregate resource use would increase. Derived demands for
land, labor, and purchased farm inputs would increase. This
would be accompanied by more intensive land use, additional
problems with soil erosion, and increased use of farming prac-
tices harmful to environmental quality. Factors prices would
rise. More land would be used at higher rents, more labor at
higher wages, and more purchased farm inputs at higher prices
paid by farmers. Costs of production would increase for all
commodities as a consequence of the higher prices paid.
Diminishing returns would add to the unit costs of producing
more of the relatively scarce commaodity.

Resources would be drawn from the production of other com-
modities. Reduced supplies of other commodities would in turn
cause their prices to increase. Consequently, prices received by
farmers would be higher than they would otherwise be for all
commodities, not just for the commodity that was relatively
scarce. With inelastic domestic demand, and an expanding ex-
‘port market for grain, prices received would rise more than
prices paid and farmers’ profits would increase.

Consumers would pay more and get less. There would be a
reduced flow of food through domestic marketing channels.
This need not offset the effect of higher retail prices on mar-
keting profits. But, because most postharvest value added is for
domestic rather than export markets, the reduced flow would
idle some plant and equipment in the food and kindred prod-
ucts - industry, which, in turn, would cause unemployment and
increase unit costs. Some industries involved directly with ex-
ports of the scarce commodity, however, would
gain—transportation facilities, for example. Exports of other
commodities than the one initially in scarce supply would
decline in response to their increase in price.

The expansion in export demand for one commodity results in
reduced exports of others and higher prices for all. The
changes have an adverse effect on domestic consumers, the
domestic marketing sector, and importers of other commod-
ities. However, they benefit farmers, resource owners, and sup-
pliers of purchased farm inputs.

Now turn the example around. If, as was experienced during
the eighties, foreign and domestic markets do not increase
rapidly enough to absorb potential increases in U.S. agricultural
production at present real food prices, prices will tend to
weaken for all commodities. This would hurt farmers by re-
ducing income and limiting their incentive to invest. If the
weakness is in world grain prices, livestock producers could
profit from lower feed costs. Moderation in the demand for
farm inputs would reduce the value of land, labor, and capital.
Input suppliers would suffer capital losses and reduced incomes
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while consumers and trading partners benefit from lower prices.
The domestic marketing sector would benefit from an increased
volume of processing, transportation, and marketing services.

As export markets become an increasingly major segment of
the total market for U.S. farm products, U.S. policies may
need to focus not only on the steady growth in the size of the
markets but also on the substantial potential for changes and
reversals in world food trade to redistribute income.

Impacts of Volatile World Prices

Volatility from foreign sources has affected agriculture through-
out this century. The major exception for U.S. farmers was
during the fifties and sixties, when massive U.S. government
intervention stabilized domestic farm prices above world prices
and therefore above prices that would have existed without
commodity programs. Price support programs and accumulated
commodity surpluses kept prices within narrow ranges. During
the seventies, domestic U.S. policies allowed world price fluc-
tuations to affect domestic prices more directly. Since 1972,
the world food balance has oscillated between excess supply
and excess demand. Reduced world grain stocks, bad weather
in some parts of the world, and policy changes in major
importing and exporting nations resulted in highly volatile grain
prices during the seventies. Developed and underdeveloped
countries alike discovered their potential vulnerability to short-
run changes in food prices, and many countries devised trading
strategies to insulate and protect themselves.

Variations in wheat and corn prices are shown in table 1. The
table shows two periods of relative price stability: before World
War I and after World War II. While the variation of the seven-
ties was not high compared with that before World War II, it
was high compared with 1951-71 for both wheat and corn.
Comparison of pre-1950, open-pollinated corn prices with
subsequent hybrid corn prices may be misleading, but both the
corn and wheat price series tell approximately the same story.

Price variation in table 1 reflects changes in domestic produc-
tion and consumption in addition to influences of world prices.
Even so, changes in domestic prices received by farmers were
correlated with world price fluctuations when domestic pro-
grams kept prices close to world levels, and prices were
relatively stable when programs supported prices within a nar-
row range above world levels. Prospects for transmitting a con-
tinued high degree of price fluctuation from world markets to
domestic farmers, particularly for crop products, has implica-
tions for U.S. farmers’ decisions on production and income.

World grain stocks in 1970 were about 15 percent of annual
use compared with 20 percent in the early sixties, increasing
the sensitivity of prices of changes in production. World grain
production fell by about 3 percent in 1972, partly because of
adverse weather in some parts of the world, including the




USSR, and partly because of continued production controls in
the United States. In a major policy shift, the Soviet Union
entered the world market in mid-1972 to purchase 23 million
metric tons of grain—about 60 percent of it from the United
States. World grain stocks fell to 12 percent of annual use by
the end of 1972. While conditions stabilized to some extent in
1973, a 1974 drought reduced U.S. corn production and con-
tributed to a 4-percent decline in world grain production.

Price shocks were extreme. The rapid transition from surplus
stocks to shortages caused grain and soybean prices to reach
record high levels. Those high prices benefited crop producers
but proved unprofitable to the livestock sector. Sharply rising
food prices and unrelated political considerations led the United
States to embargo certain agricultural exports, straining long-
standing trade relationships.

Many farmers, expecting permanently higher prices and in-
come, were encouraged to make large capital investments to
expand production. The expansions usually required more
debt. There was a steep downturn in prices in 1976 and 1977
as production improved and stocks increased. Although in-
comes increased in 1978 and 1979, they fell 30 percent in
1980 as inflation-induced increases in expenses cut into gross
incomes. Increased production and slackening export demands
further cut farm prices and incomes in 1981 and 1982, and in-
creased wheat and corn stocks.

Floating exchange rates, adopted by world financial organiza-
tions in 1972, contributed another source of instability that had
not been present during the fifties and sixties. Yield variation
due to natural causes increased in the seventies in some
regions as grain production expanded onto arid land. And
more of the previously existing variation was transmitted to
world markets because of protective trade policies adopted by
both grain exporting and importing countries. Carryover stocks,
held primarily by the United States, played a major role in the
price swings. The depletion of these stocks by the mid-seventies

Table 1—Instability of wheat and corn prices, 1900-1982
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magnified the destabilizing effects of world production shortfalls.
By the end of the decade, however, U.S. grain stocks were
again relatively large and helped stabilize the world grain mar-
ket. In addition, farmers and private traders were turning more
to futures markets, options, and other financial strategies to
share the risk of volatile grain prices.

Now that the food crisis of the seventies is over, each major
price change can be seen, in hindsight, as a special case that
need not be repeated. Even so, world price and trade fluctua-
tions continue and policies have not yet been adopted by major
food traders to stabilize world prices and trade in the event of
another crisis. The potential for world food price volatility likely
will continue and may even increase in coming decades. We
are not likely to return to the relative stability of the fifties and
sixties.

An important source of price volatility affecting U.S. farmers
comes from overseas. Individual farmers can only adapt to
these changes. However, price-stabilizing influences come from
several sources. Natural buffers, such as increases and decreases
in the size of the livestock sector, can absorb variations in grain
production. Farmers and traders can protect their positions
using futures or options markets. Institutional buffers, such as
private grain speculation and stabilization policies by govern-
ments, can absorb shocks. Consumers, in response to price
signals, can reduce consumption in times of shortage, consume
more grain relative to livestock products, and reduce waste.
Regional shortages can be shared by increased trade. And the
shortages, themselves, subsequently can induce increased pro-
duction. If all of these are insufficient, and if prices received by
U.S. farmers continue to reflect a high degree of price volatility,
then the resulting adverse effects on farmers and consumers
imply a need for the U.S. government to insulate U.S. farmers
from the price volatility.

It is not clear if world weather patterns are becoming more
volatile. The geographic location of variation may shift, but

Wheat Corn
Period Ave!'age Stapdgrd Coef(f)ifcient Average Standard Coef;ifcient
price deviation variation price deviation variation

Dol. per Dol. per

bushel bushel
1900-15 0.82 0.14 17 0.54 0.13 23
1916-38 1.12 .49 44 .80 .34 42
1939-50 1.41 .58 41 1.12 .47 42
1951-71 1.73 .31 18 1.23 .19 15
1972-82 3.13 91 29 2.30 .56 25

Source: Tom Miller et al. (7166).
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there is no evidence that aggregate world food production is
more or less uncertain than it was. Changes in policies in-
fluence the way regional variations in local production affect
the world price. U.S. production tends to be more stable than
world production as a whole. The increasing reliance of U.S.
agriculture on exports makes prices received by farmers more
sensitive to changes in the import and export policies of others.
It was prices, not world production, that became more volatile
during the seventies than during the fifties and sixties.

Farm specialization and increased international trade make
many countries more dependent on world markets. This in-
creases the volume of world trade relative to production (95,
253, 293). The increases in volume of trade can be accom-
panied by relatively larger fluctuations; for example, to maintain
and upgrade diets during periods of adverse weather requires a
temporary increase in imports. Policies that stabilize the food
supply for one country make the market more unstable for
other countries. A country may achieve stability for itself by
maintaining or increasing its purchases of food in times of
shortage and dumping the excess in times of surplus. Several
countries have set up protective trade barriers that stabilize their
internal agriculture but destabilize markets in the rest of the
world. The USSR, EEC, Argentina, and Australia have followed
policies in recent years that transmitted domestic variations into
world markets (20). Government intervention in world markets
can be a major source of market volatility.

As world prices become volatile, the tendency is for less devel-
oped countries to become cautious and use restrictive trade
practices. These actions further exacerbate volatility for other
countries. At the same time, the degree to which developed
economies share the burden of adjustment to fluctuations
through free trade declines as their share of world consumption
declines.

Volatile prices in world food markets, when transmitted into the
U.S. economy, affect decisions made by U.S. farmers. Farmers
who are risk averse treat increasing uncertainty like an increase
in the cost of production, or like a decrease in the price received
for a product. They cope with uncertainty by diversification,
flexibility, reluctance to borrow and invest, off-farm employ-
ment, and other actions that may reduce production and effi-
ciency and may limit investment. Price uncertainty and income
variability affect the financial position and vitality of individual
farm businesses as well as farmers’ ability to follow soil conser-
vation practices. Increased variation in world food prices
reduces the U.S. supply of cash crops by risk-averse farmers
(111, 113, 165, 166). Supply also becomes more inelastic as
the degree of volatility increases. The reduced willingness to
supply crops at a given price leads to higher prices received by
farmers. This encourages more output but not enough to offset
the reduction due to uncertainty. The higher prices lead to
reduced quantities of crop products used in food, feed, and ex-
port markets. Income to crop enterprises improves, but the
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reduced demands for farm resources reduces the income to
resource suppliers. Higher feed costs reduce income to the
livestock enterprise.

Net income (gross income less variable costs) increases slightly
for agriculture as foreign markets become more uncertain, but
the regional impacts vary (fig. 5). With a doubling of the stan-
dard deviation of prices received for export products, income
would increase as total U.S. cropland declined (after all ad-
justments were completed, according to the cross-sectional
analysis) as farmers protected themselves from the increased
risk; however, crop acreage in some regions would increase.
The Southeast would realize the largest relative income gain
because expansion in acreage harvested would tend to in-
crease output there. The Corn Belt would realize the largest
relative loss because a decrease in acreage harvested would
reduce output by more than enough to offset the higher price.

An increase in price volatility would reduce the supply of food
and increase the concentration of farm production (166). The
proportion of larger farms would increase as would the propor-
tion of part-time farms with off-farm income. There would be
an increase in the income of farmers who produce crops for
export. But the total acreage in crops would decline because
some crop farmers would have smaller enterprises, and there
would be fewer farmers. Livestock farmers would be hurt by
higher feed costs. Beyond the farm gate, increasing variability
of farm prices would add to the costs of postharvest processing
and handling and would increase consumer prices. Suppliers of
inputs to farmers would experience reduced demands.
Domestic users and trading partners pay higher prices to con-
sume less when international food markets become more
changeable.

Figure 5

Regional Change in Net Farm Income in
Response to a Twofold Increase in Uncertainty
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Many public policies affect price and income stability: interna-
tional trade policies, price support programs, grain reserve pro-
grams, credit programs, market information and outlook ac-
tivities, and Federal income tax laws. As the major grain ex-
porter, and with its domestic markets open to world price in-
fluences, the United States is the main shock absorber in world
grain markets. Few other countries operate grain storage pro-
grams capable of reducing world price variability. Grain carryover
stock management has moderated the effects of instability, but
sometimes it augmented the shocks as well. Countries with no
stocks above the level needed for normal use have added to
the instability of world food markets during temporary periods
of shortage or abundance. U.S. stockholding, large as it is, is
sometimes insufficient to bring a noticeable degree of stability to
world markets.

If U.S. agriculture produced only for domestic markets, then
domestic stabilization policies to protect farmers against domes-
tic sources of instability could work as they did in the past. But
U.S. farmers now produce increasingly for world markets. This
raises an interest in whether domestic policies can protect
farmers from a buffeting by world price instability.

Carryover stocks could be involved if stability were desired.
Management of the stocks would reflect judgments, such as
described by Eaton, about competing public objectives (53).
Government-managed stocks can protect farmers from low
prices and consumers from high prices as markets become
more volatile. However, all policies have side effects. For ex-
ample, price stabilization under a stock management program
can induce a shift in the supply function for agriculture which
raises output and reduces prices received by farmers.

Consider a price stabilization program that acquires stocks at a
specified support level and disposes of them at a higher,
specified release level. Such a policy appears to be able to pro-
tect farmers from extremely low prices and consumers from ex-
tremely high prices. Eventually, however, a run of short crops
is sure to come. Stocks would go to zero and there would no
longer be any mechanism for keeping a lid on prices. Or a run
of bumper crops would come. Then stocks would become
unacceptably high and there would no longer be any mechan-
ism, short of supply control, for keeping a floor under prices.
This view of stockpiling has been modeled by Plato and Gor-
don (193, 194). Any program that stabilizes prices through
stock management runs the risk eventually of either depleted
stocks or unacceptably burdensome stocks. The question
becomes: what situations and what management strategies in-
crease the probability of maintaining prices within prescribed
bounds?

An increasingly tight world food situation increases the prob-
ability of holding either too much or too little stocks for effective
stabilization. The reason for that is that a tight world food situa-
tion induces agriculture to produce at a level close to capacity,
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making the supply more inelastic. The more inelastic the supply
of farm products, the less farmers can adjust to price changes,
and the more the burden of adjustment will fall upon the sta-
bilization program. An increasingly volatile world food market
also increases the probability of holding either too much or too
little stocks because the greater variance increases the likelihood
of a run of high prices or of low prices. Once either event is
realized, the probability of subsequent occurrences increases.
For example, once stocks have gone to zero, it is more likely
that the market price will again rise above the release price
before the depleted storage stocks can be replenished.

If farmer interest groups press for high support and release
prices, and consumer groups for low ones, the resulting com-
promise could be a fairly narrow range between the support
and release prices. A narrow range increases the probability of
experiencing prices above or below the range, and increases
the expected annual cost of operating the programs. In addi-
tion, a narrow range drives private storage operations and
speculators out of the market, so the government finds itself
taking over most of the country’s storage function and taking
over a larger role in determining price. To keep private storage
operations in business, to give futures and options markets an
opportunity for risk sharing, to keep the cost of operating the
program low, and to keep the probability of either kind of pro-
gram failure low, the support level may have to be lower than
many farmers would like and the release level higher than
many consumers would like. Increasing the support price
relative to the expected price increases the probability of ac-
cumulating too much. If supports raise the domestic price
above the world price, U.S. exports would tend to lose their
competitiveness in world markets and other countries could ex-
pand production to meet the world demand; the U.S. share of
world food trade could shrink. Similarly, reducing the release
price relative to the expected price increases the probability of
depleting stocks altogether.

Continued world grain market volatility is expected in coming
decades. The structure of world grain trade is increasingly
dominated by state trading organizations, bilateral agreements,
and other trade restrictions that limit supply and demand ad-
justments in much of the world. If more markets become in-
sulated from world prices, an increasing adjustment burden will
have to be meet by those not insulated, especially the domestic
U.S. market.

Implications for Resource Use in U.S.
Agriculture

Growth in the production potential of U.S. agriculture depends
on the availability of resources to farmers and on the produc-
tivity of those resources. It is affected by agriculture’s flexibility
in reallocating resources and shifting regional location to ac-
commodate a changing economic environment and changing
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economic incentives. And, production is affected by institu-
tional arrangements such as regulations affecting resource use,
tax laws, and farm programs. Factors determining growth in
agricultural production are examined in the following sections.

The analysis that follows supports the view that “the productive
capacity for both agricultural and forestry products will be ade-
quate to readily sustain increases in output to meet projected
global demand for U.S. products to 2000” (568). U.S.
agriculture is not likely to increase appreciably its use of natural
resources in coming decades, although close attention will be
required to maintain and conserve what is now in use. Some
additional cropland is available to be developed and it may be
needed. The annual use of irrigation water on arid lands,
which was a major source of agricultural growth during the past
three decades, is not expected to increase very much during
the next three, although irrigation increases are expected in
humid areas. The exodus of labor from farm to nonfarm jobs is
apparently over. Labor retention will likely increase as export
markets expand, vet the supply of agricultural labor should be
adequate. Growth in farm production will depend heavily, as it
has during the past three decades, on increased use of pur-
chased farm inputs. These are expected to be available from
the nonfarm sector at prices about in line with changes in the
real prices of producer goods and services. Energy prices, how-
ever, could again be a source of increasing real cost to U.S.
agriculture before the close of the century. A number of tech-
nological advances, if developed and adopted, are expected to
improve the productivity of resources used in agriculture.

For these reasons, which are elaborated below, U.S.
agriculture is expected to have the ability to meet the domestic
and foreign market demands likely to be placed on it in coming
decades.

Land

To obtain sufficient growth in production to meet prospective
market demands for U.S. farm products in coming decades,
the natural resource base used by farmers will need to be main-
tained or moderately increased. Maintaining the present natural
resource base will require active continuation of conservation
and development programs, else the base could diminish and
needed capacity would not be available. While the aggregate
level of the natural resource base need not become limiting,
natural resource problems of a local or regional nature can be
anticipated such as reduced level of irrigation water in one
county, or heavy losses to erosion in another. In addition, re-
source development will be required to offset shifts of resources
from agriculture to nonfarm uses.

About one-fifth of the U.S. land area is cropland and another

one-fourth is pasture and range. Of these, cropland is the more
useful indicator of farm capacity because a greater share of the
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value of farm output depends on crops either as final farm pro-
ducts or as inputs to livestock enterprises.

The 1982 National Resource Inventories (NRI) estimated that
there were 421.4 million acres of cropland in the United States
compared with 413.3 million in 1977. An additional 35.3 mil-
lion acres (8.3 percent of the total) is considered to have a high
potential of conversion to cropland, about the same as the
36.2 million acres so considered in 1977. An additional 117
million acres (27.9 percent of the total) is considered to have a
medium potential for conversion compared with 90.8 million in
1977. Counting land identified with low potential for conver-
sion plus other private and federally held land that is crop-
pable, it is feasible that U.S. cropland could more than double.
But to do so would not be the most efficient way to expand
output. There are other uses for the potentially available land
than food production, and there are many opportunities for us-
ing the present land base more intensively. Conversion is not
without costs and conversion of much of this land may not
prove cost effective. Much of the feasibly convertible cropland
has problems with seasonal high water tables, high-density
forest, stone or rock outcrops, low fertility, lack of dependable
water, high erosion, flooding, or is located on small or isolated
tracts.

Cropland may be increased by 17 percent above the 413.3
million acres inventoried in 1977 before conversion difficulties
and accompanying high conversion costs are encountered
(138). Applying Lee’s estimate to the 1982 inventory of 421.4
million acres suggests that some 70 million acres of cropland
might be added on a cost-effective basis.

The potential to convert other lands into cropland has always
been available to U.S. agriculture. During the past half century
there was insufficient economic incentive to use this potential.
Cropland harvested was 349 million acres in 1982, close to the
maximum ever harvested of 361 million acres in 1932. The
growth of U.S. food production was governed by growth in the
size of markets and not by natural resource availability. Produc-
tion grew by more intensive use of the same land area: higher
yielding varieties, supplemental irrigation, double cropping, and
other management practices.

More intensive land use may be a more economical means of
meeting growing demands than developing more land (25).
Boxley presents double cropping, a practice that is not
widespread but shows signs of expanding, as an example.
Fourteen million acres were double cropped during 1982, up
from 4 million in 1969. In 1983, when cropland harvested was
reduced by 56 million acres, the double-cropped acreage was
reduced by only 2 million acres. An increasingly common prac-
tice is to plant soybeans following another crop such as wheat.
Twenty-two States report at least some double cropping of soy-
beans. In Georgia, South Carolina, Florida, and Alabama,
nearly half of the soybeans were double cropped in 1982.
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Use of double cropping is related to: (1) adoption of faster
maturing plant varieties; (2) improvements in machinery capac-
ity and efficiency plus use of artificial crop drying to permit
earlier harvest and faster seedbed preparation for a second
crop; (3) expanded use of herbicides and pesticides; (4) less
tillage (minimum- or no-till) which permits immediate reseeding
following harvest; and (5) favorable soil moisture conditions
during the relatively narrow period available for planting soy-
beans following a small grain crop (25). Unfavorable moisture
conditions during this period is probably a major explanation
for the year-to-year variation in the proportion of double-
cropped soybeans in some States. Supplemental irrigation to
assure quick seed germination may be important. Double crop-
ping requires careful management, but there are no apparent
physical constraints to further expansion of double cropping in
the Southern States, or, with development of quicker maturing
varieties, to double cropping in more northerly States. Double-
cropping practices affect wheat and soybeans in a 1-year rota-
tion and include corn in a 2-year rotation. These three crops
are important in meeting prospective export demands.

During the past 50 years, agricultural production was not
limited by a lack of land. On the contrary, the problem was
usually how much land to idle to limit price-depressing com-
modity surpluses. Perhaps the most influential factor affecting
shortrun variation in the quantity of cropland was government
supply management programs. In 1969, when cropland har-
vested was 75 million acres below the 1932 maximum, 58 mil-
lion acres were diverted under government programs. Diverted
acres are mostly held in conservation uses and pasture but
farmers are sometimes permitted to grow crops on them like
soybeans and sunflowers. Because of such programs, there is
not a one-to-one correspondence between acres going into
diversion and acres coming out of production. In 1983, 83
million acres were diverted under the payment-in-kind (PIK)
program and harvested acreage was about 55 million acres
below that of a year earlier. The United States found itself
limiting food production while other countries were trying to
produce more.

The stability in the aggregate level of cropland conceals con-
siderable regional change, which can be explained not only by
regional variation in potential cropland but also by regional
variation in comparative advantage, impacts of Federal pro-
grams, and competition by the nonfarm sector for farm re-
sources (167). Although the aggregate amount of cropland has
changed little over the past half century, the amount used by
an individual farmer, a county, or a region is not fixed. There
are year-to-year changes in the amount of cropland that is
double cropped, not harvested because of crop failure, held in
summer fallow, left idle, or used for pasture and hay. Some
land that had been idle for several years is again used to grow
crops. Some cropland is converted to higher-value uses such as
residential or industrial, while some is converted to pasture or
forest. Some pasture land has high potential for conversion to
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cropland. A relatively small amount of forestland has potential
as cropland. The social cost of converting other land into crop-
land includes not only the actual cost of conversion but also the
opportunity cost of not keeping the land in its present use.

Each of the 10 multistate farm production regions of the 48
contiguous States reduced acreage during the sixties from a
post-World-War-II high and then expanded again during the
seventies, a period of rapidly expanding export markets (fig. 6).
The Southeast, which had contracted more than other regions
from its post-World-War-II high, expanded by 38 percent dur-
ing this period. The Northeast expanded least, by 11 percent.

Five regions (Corn Belt, Lake States, Delta, Mountain, and
Pacific) contracted moderately during the sixties and then ex-
panded rapidly during the seventies. Their levels of cropland
use rose, by the early eighties, above the previous highs. Four
regions (Northeast, Appalachia, Southeast, and Southern
Plains) contracted sharply during the sixties and subsequent ex-
pansions remained below their postwar highs. Cropland use in
the Northern Plains returned to about its postwar high.

The Delta and Mountain regions were found by Lee to have a
relatively large physical potential for additional cropland (139).
The Northeast is unique in having not only sharp contractions
in acreage in recent decades but also a relatively small potential
for additional cropland. The Lake States, Corn Belt, Pacific,
and Northern Plains showed strong growth during the past
decades but the land available there for additional conversion is
relatively moderate.

During 1949-69, when total cropland dropped by 9 percent,
785 counties had cropland gains and 2,332 had losses. During

Figure 6
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the seventies, when cropland increased by 3 percent (and
cultivated land by 16 percent), 1,875 counties had cropland
gains and 1,232 had losses (109). These changes indicate a
considerable amount of turnover in land used for crops despite
the stable total area of cropland. Increases in cropland from
conversion and development are about offset by conversion of
cropland to urban uses, ab>ndonment, and other uses. Prime
agricultural land may be converted to urban uses and replaced
by land of lower quality. Some of the land abandoned in one
year is returned to cropland use in another year. Cropland
reclaimed by farmers after abandonment may be less produc-
tive than it once was. This recycling can be associated with an
eventual deterioration in the quality of cropland; however,
much former cropland is never returned to agricultural uses.
The relation of the use of fragile lands to the ultimate capacity
of U.S. agriculture is explored in the following section on “Soil
Erosion and Export Growth.”

Additional cropland is scarce for some regions and some com-
modities. However, there seems to be no obstacle to expanding
the total quantity of cropland to 17 percent above the levels of
the past half century at competitive costs of conversion if it is
needed to.meet expanding domestic and foreign markets.
“Although thousands of acres of farmland are converted an-
nually to other uses. . . we are in no danger of running out of
farmland” (263). The time series and the cross-sectional anal-
yses used in this study suggest that the cropland base is ade-
quate to meet any market demands that may reasonably be ex-
pected during the next two or three decades. There are limits
to the land base, but other problems discussed in this report
would dominate before those limits are reached.

If U.S. exports were to increase by 90 percent above their-pres-
ent level, about 40 million more acres of cropland would be re-
quired, using current technology, after all resource and regional
adjustments to the change were completed, according to the
cross-sectional-study. This is within the limits of potentially con-
vertible cropland but it implies use of extremely fragile land for
some crops in some regions. A similar (but more detailed)
analysis by English, Alt, and Heady reached a similar conclu-
sion (55). When that study allowed for future technology, such
as agriculture might be expected to use during the next cen-
tury, it found that exports could double during the next few
decades and domestic plus export needs could be met using
less cropland than now.

If U.S. exports increase by around 3 percent per year until
2000 (to a level 70 percent above the 1982 level), and if yields
continue to increase in line with past trends, the time series
analysis suggests that about 10 percent more cropland will be
required. Export growth of around 2 percent per year (to a
level 40 percent above the 1982 level) could be met with about
the same amount of cropland now used. Present expectations
are that actual exports will fall within this range of 2-3 percent
average ‘annual growth. If, instead, exports grow at an annual
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rate of 5 percent per year to 2000 (to a level of 140 percent
above the 1982 level) 22 percent more cropland will be re-
quired. This higher rate of export growth is not expected, but if
it occurred, it would stretch land use to a level only moderately
above the readily convertible level of 17 percent; well below
the 30-percent potential in the high- plus medium-conversion
categories.

These projections, 50 years of history, and the fact that a large
amount of cropland was diverted from production in 1983
under government supply management programs all suggest
that cropland availability will not limit agricultural expansion
during the next two or three decades. U.S. agriculture can find
additional cropland if it is needed. The larger question is: how
might the present land base be reallocated among alternative
and more intensive uses? A substantial increase in exports
might encourage conversion of more land into agriculture but
the major effects would be changes in the land use pattern of
existing cropland and increases in land rents. Concerns would
then focus less on the quantity of land brought in to meet in-
creasing export needs than on the extent to which rental rates
rise, capital gains accrue to landowners, and income is
redistributed.

It is not known how much additional land would be offered to
agriculture if farmers were willing to pay more for it than they
now do. lt is reasonable to assume, however, that the supply
of land in the aggregate is relatively inelastic. A moderately in-
elastic supply function for land was assumed in the cross-
sectional study. Results were then compared with a highly in-
elastic supply function for land. An increased rigidity in the
availability of land resulted in a more inelastic supply of farm
commodities.. A more inelastic supply of land means that agri-
culture is likely to respond to an increase in export demand
with higher prices instead of increased output. The major effect
was on prices; the total level of and pattern in production was
little changed when the elasticity of the land market changed. A
change in the demand for farm products was found to have far
more impact than a change in the supply of land on land use
patterns.

While expanding export markets increase the value of crop-
land, the effect on pasture and range is different. Exports are
mostly of crops and crop products, When the world food situa-
tion tightens and crop exports increase, domestic markets also
tighten and retail prices increase. This reduces the domestic
market from what it otherwise would be for livestock as well as
for crops. The narrowing market for livestock reduces the rental
value of pasture land, and less is used; possibly 2 or 3 percent
less in response to a 90-percent surge in exports, after all ad-
justments are made.

When export markets are growing relative to the growth in
farm production, one response to the resulting tight food situa-
tion can be to increase the quantity of cropland. An increase in




the supply of cropland would lead to increased output, thus
easing the pressures of a tighter world food situation. To the
extent that land is a substitute for other farm inputs, such as

- labor and purchased inputs, the increased use of land can

reduce the demand for these and reduce prices paid for them
(or limit price increases that would have occurred if additional
land had not been developed). However, labor and purchased
inputs are, in general, complements with land, so more non-
land inputs would likely be used at higher prices paid. An in-
creased supply of cropland reduces land rents just as increased
output reduces prices received.

An increase in the supply of pasture land, instead, induces pro-
duction of more beef, particularly nonfed beef, which domestic
consumers substitute for other meats. Some adjustments in
food, feed, and export markets for crops are induced, but little
change occurs in the aggregate use of, or rental rates for,
cropland.

There is a potential to convert additional land into agricultural
uses if it is needed. Other problems will likely arise, however,
before land availability limits the growth in farm output even if
there are moderately decreasing real prices received by farmers.
The more inelastic the adjustment in land to an expansion in
the market for food products, the higher that food prices are
likely to rise. On the other hand, programs to develop
agricultural land when the demand for food is not changing are
likely to have more of an impact on prices and income distribu-
tion than on the quantity and mix of farm output.

Soil Erosion and Export Growth

There seems to be enough land available to meet anticipated
export demand, even assuming some loss in cropland due to
depletion of soil and ground water resources. However, a ma-
jor export expansion over the next two or three decades would
encourage farmers to bring fragile lands into production. The
extent to which erosion becomes a problem as exports expand
depends on where cropland expansion occurs. This depends,
in turn, on which commodities are exported. Soybean and cot-
ton exports will create more erosion problems than wheat ex-
ports will.

The amount of potentially erosive land that might be converted
to crop use varies widely among regions. Some of the most
severe problems are associated with parts of the Northern
Plains, High Plains, Corn Belt, Delta, and Central Plains.
However, susceptibility of potential cropland to erosion varies
among these regions. Virtually all the potential cropland likely
to be used if soybean production expands in the Delta is
eroding by more than 5 tons per acre per year. Nationally, less
than 5 tons is considered acceptable; but the acceptable rate
varies among regions. The Corn Belt has more erosive acres
that can be converted to cropland than the Delta, but it also
has more nonerosive acres. Therefore the relative potential for
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erosion is greater in the Delta. In contrast, expansion of wheat
production in the Northern Plains presents few erosion
problems.

The most damaging recent increases in soil erosion came from
expansion of soybeans in the Delta and dryland cotton in Texas
as the export markets for these crops grew. Next to Texas,
Tennessee and the Delta States have the highest potential for
severe erosion. Since 1972, Texas cotton acreage has risen
from 40 to nearly 50 percent of U.S. cotton acreage. Although
most Texas cotton is irrigated, declining water tables and higher
pumping costs are causing shifts to dryland farming. Wind ero-
sion on dryland cotton is rarely less than 25 tons per acre per
year. There is no shortage of land in the High Plains to meet
expanding cotton export demands, but growth will occur on
fragile soils.

About 10 percent of current soybean acreage erodes at critically
high rates. If exports rose by 90 percent, soybean acreage likely
would increase by 30-50 percent in each of the major soybean-
producing areas (111). Ogg estimates that roughly half of the
new production would likely come from soils eroding at 4 or 5
times the levels considered acceptable (184). Production on
these fragile soils is generally not sustainable even with heavy
investment in conservation practices.

Expanding and changing markets could lead agriculture to a
position of unsustainable growth. This pessimistic outcome can
be avoided by expanded investment in soil conservation meas-
ures, such as terraces, reduced tillage, and stripcropping on the
half of the cropland in use which is moderately erosive and is
responsive to management practices. Eight percent of the crop-
land in use is so inherently erosive that it will not sustain con-
tinued cropping. Volatility of export markets tends to dampen
incentives to adopt conservation practices and to increase the
likelihood of erosion problems.

About half of the potential cropland is so erosive that it is prob-
ably not treatable at any reasonable cost. If these lands are
used they will be depleted, so a sustained rise in exports cannot
be based on them. Measures to direct some of the new produc-
tion to the substantial acreages of potential cropland that are
less susceptible to erosion include requirements that farm pro-
gram participants avoid new cultivation on fragile lands, or
targeting price support acreage reductions to fragile areas.
Perhaps one-half to two-thirds of the total erosion problem
could be addressed through modification of commodity and
conservation programs.

It is possible to use presently available land to meet future ex-
port demands without pushing natural resources to the limit.
But there could be soil erosion and productivity problems for
some crops in some regions. Those problems, if disregarded,
could limit agricultural capacity in the longer term. Crosson and
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Brubaker argue persuasively that public intervention is justified
in order to avoid loss of capacity through soil erosion (46).

Irrigation

Additional irrigation is not likely to be a source of agricultural
growth in coming decades as it was following World War II.
However, there could be increases in output from additional
supplemental irrigation in humid areas. A likely scenario for
U.S. irrigation for coming decades is to use about the same
amount of water more effectively to support an increasing
quantity of production at higher unit costs.

Nearly 51 million acres were irrigated in the United States dur-
ing 1978, consuming more than 93 million acre-feet of water
(an average of 22 inches of water per irrigated acre for a total
of about 6.5 trillion gallons). About 54 percent of the irrigation
water is from surface watercourses and the rest is pumped from
ground water aquifers. Agriculture accounts for 84 percent of
the water used in the United States.

In many parts of the United States, irrigation is necessary for
crop production. In the arid parts of the West, there is no
choice but to irrigate, and the irrigation water requirements per
acre are higher than the national average. Crop production in
Nevada is 100 percent irrigated; in Arizona, 99 percent. In
seven Western states, more than 60 percent of the crop pro-
duction is irrigated. Those States are, in order of percentage ir-
rigated: Nevada, Arizona, California, Utah, Wyoming, New
Mexico, and Idaho.

Fourteen States, each irrigating over 1 million acres per year,
consume nearly 90 percent of the irrigation water. Twelve of
these States are in the arid West. They are, in order of acres ir-
rigated: California, Texas, Nebraska, Idaho, Colorado, Kansas,
Montana, Oregon, Wyoming, Washington, Arizona, and Utah.

In humid regions where irrigation water requirements are below
the national average, there is room for choice and substitution.
Irrigation supplements rainfall in order to increase intensity of
land use, improve yields, and insure against drought (8).
Florida and Arkansas are humid States that each use sup-
plemental irrigation on over 1 million acres per year.

Certain crops rely more on irrigation than others. For example,
100 percent of rice production is irrigated. Fight classes of
crops are reported in the agricultural census that are more than
50-percent irrigated. They are, in order of percentage irrigated:
rice, orchards, potatoes, sugar beets, vegetables, berries, alfalfa
seed, and green beans. Exports are an important source of de-
mand for some of these, but only rice is a major export crop.

Corn uses more irrigated land in the United States than any
other crop, about 20 percent. Corn, hay, and small grains used
for feed together use nearly half the irrigated cropland. Irrigated
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grains are important in export markets. However, irrigation is
more important in the support it gives the large domestic feed-
livestock economy. Soybeans, which are important in exports,
use only about 3.6 percent of irrigated cropland.

If world food supplies become tight in coming decades, one
way to meet additional food needs is through increased irriga-
tion. Irrigation increases yields and, more important, it permits
cropping on land that would not otherwise be cropped. The
U.S. average yield for irrigated wheat is 92 percent more than
for dryland; irrigated corn is 20 percent more. Irrigated soy-
beans is only 5 percent more, which may explain why so little
soybean production is irrigated. Rice production would be vir-
tually eliminated if there were no irrigation.

When the acreage planted to a given crop is increased by ir-
rigation, a regional relocation is usually implied. This location
effect explains why a yield-increasing expansion in irrigation
sometimes may appear to reduce the U.S. average yield. The
added irrigated acreage generally is not in the same region that
contains most of the production. Corn illustrates this point. Ir-
rigated corn yields in lowa are only 2 percent more than dry-
land yields there. In New Mexico, irrigation raises vields by 119
percent, yet the irrigated yield in New Mexico is 15 percent less
than the dryland yield in lowa. Therefore, as corn production
expands on irrigated land in New Mexico, the aggregate U.S.
yield is reduced.

When crop exports increase, Horner found that most of the
added production is on dryland. A 90-percent increase in ex-
ports, assuming constant yields, would require 25 percent more
dryland and 7 percent more irrigated land after all adjustments
to the change are complete (108). The quantity of irrigated rice
is highly responsive to variations in exports because all rice is ir-
rigated. For example, additional soybeans and cotton would be
irrigated for smaller increases in exports. But only for the high-
export scenarios would resource constraints be tight enough to
induce extensive irrigation of corn and wheat. A lack of irriga-
tion water is not likely to limit the ability of U.S. agriculture to
meet export demands during the next two or three decades,
according to this cross-sectional analysis. However, tight world
food supplies, and consequently higher prices received by
farmers, would increase the prices that farmers are willing to
pay to irrigate.

The availability of additional irrigable land is less limiting than
water. There is more irrigable land than the 50.8 million acres
now in use, but we will be unlikely to increase the quantity of
irrigation water much above the 93.1 million acre-feet now
used. A doubling of irrigated acreage during the past three
decades supported considerable expansion in agricultural pro-
duction. Prospects for additional growth in this way are limited.
Most of the less costly supplies of surface water in arid regions
have already been developed, and the real cost of water is like-
ly to rise. The distance that water must be moved from its




source to the point of use is increasing as is the cost of energy
to move the water. However, the water supply is more man-
ageable in humid areas such as Georgia, Florida, and Arkansas
than it the arid West. “As water is becoming an increasingly
limiting factor in the dry regions of the West, a significant
potential of further development lies in the humid regions of
the East” (9).

An increase in supply of water offered to farmers at present
prices would not induce much of an increase in farm output.
Similarly, a decrease in the supply of water would not reduce
output much. The demand for water by farmers is estimated to
be relatively inelastic, so small changes in the availability of
water have more of an effect on the price of water than on the
quantity used. Consequently, a shift in either the supply of
water or the demand for farm products has greater implications
for the redistribution of income among water users and water
suppliers than it has on the quantity of water used.

Agricultural use of irrigation water in coming decades will prob-
ably be about the same volume as now. New water sources will
probably be about offset by reductions in existing supplies.
Reductions in the level of use may come from a loss of present
supplies, contamination, and competiton with nonfarm uses.
Disposal of wastes at industrial impoundments and solid waste
disposal sites is the major source of ground water contamina-
tion. If prices received by farmers increase relative to energy
costs, there will be an incentive to pump more ground water.
Too much pumping could threaten longrun prospects for a
stable water supply (107).

The value of water in nonfarm uses is increasing. Under these
economic pressures, the institutions now in place to allocate
water among alternative uses might be modified to allow in-
creased municipal and industrial use of some of the water now
used by agriculture.

The institutions used to allocate water among alternative uses
are proving disruptive during the transition from cheaper to
more expensive water according to Frederick and Hanson (72).
The U.S. Water Resources Council concluded that if present
national patterns of water use continued, conflicts would arise
for which no simple solutions would be available; attempts to
correct a problem in one region may compound other prob-
lems in the same or in other regions (287).

To the extent that the institutions that allocate water among
alternative uses become relatively more like free markets,
several things likely would happen. Water prices to agriculture
would increase and water would be used more efficiently. The
same amount of water might be applied to more acres, but
more nonagricultural competition for water would bid some water
away from agriculture. The latter likely would be the most im-
portant response in some regions. Higher marginal costs of us-
ing water and increasing marginal returns for producing scarce
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< food products would lead to a reallocation of water within agri-

culture as well as between farm and nonfarm uses. High-value
crops such as vegetables and fruits would bid water away from
crops grown for the feed-livestock economy. However, unless
the domestic or foreign demand for high-value crops increases,
this would not occur to a great extent because the markets can
easily be saturated. Irrigated feed and food grains would
replace irrigated forage crops. Dryland crops would replace
some irrigated crops. Free market allocations of water between
farm and nonfarm uses would result in higher unit water costs
for farmers, increased concentration of irrigated agriculture, and
a net reduction in the use of irrigation water (168).

The output of irrigated crops from present water supplies can
be increased in various ways. More efficient application systems
are being developed and present systems can be used more ef-
fectively. Adoption of “waste management” facilities and prac-
tices can increase the effective supply of water sufficiently to

Resolving Water Use Conflicts

During the late 19th century, farmers found that diversion
of scarce water from rivers and streams for irrigation
created conflict among users. They organized into water
districts to build water storage and conveyance facilities.
The Federal Reclamation Act was enacted by Congress
in 1902 to authorize the Bureau of Reclamation to
build irrigation projects in the West. Projects under this
program now irrigate about 24 percent of the irrigated
acreage in the 17 Western States. Most of this water
has been developed and allocated to farmers by govern-
ment decree; market forces of supply and demand
were not considered.

Two systems of legal rights to water have developed in
the United States: the riparian doctrine and the ap-
propriative doctrine. Under riparian rights, owners of
land contiguous to a watercourse have a legal right to
divert and beneficially use that water. They do not
forfeit the right to water by not using it. This system
confines irrigation to land contiguous to watercourses. It
applies in some Western and most Eastern States.

Appropriative rights were developed in most Western
States to permit water to be used on productive land
not contiguous to a watercourse. This system ranks
rights by the order of filing the claim to the water. The
junior appropriator must reduce use of water first in
times of shortage. The appropriative right can be lost if
it is not used. The resulting pattern of water rights
allocates some water to uses whose value is less than
the value of the water.
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meet the additional water requirements associated with a
90-percent increase in exports. The incentives to increase the
volume of output from the present quantity of water are not
high given present price ratios and the institutions affecting
water allocation. Higher and more stable world food prices
would increase these incentives. Lower and more uncertain
real food prices would reduce incentives.

Purchased Farm Inputs

Availability of farm inputs is expected to be sufficient for agri-
cultural growth during the next two or three decades. The total
inputs into U.S. agriculture have been relatively constant in re-
cent decades, but the mix of inputs has changed. Farmers are
using more purchased inputs and less labor on the same
amount of land (table 2). Nearly three-fourths of cash receipts
are used for the purchase of farm inputs now compared with
around one-third three decades ago (4).

Output has been increasing even though total inputs have been
relatively constant. The productivity increases of recent decades
are highly correlated with the increases in expenditures by
farmers for purchased farm inputs (table 2). The availability of
inputs and services from the nonfarm sector of the economy
during the next two or three decades will be more important in
determining the capacity of agriculture relative to market
demands for food than the availability of natural resources and
labor. Backward linkages, from farmers through farm input
markets to the nonfarm sector, are primarily for machinery,
materials, chemicals, energy, and various services such as
transportation, real estate, and financial services. These link-
ages are a little stronger for crops than for livestock and there-
fore are responsive to changes in the export markets for crops.
A relatively tighter world food situation tends to improve in-
come and employment in the nonfarm sector that supplies pur-
chased farm inputs.

The nonfarm sector now supplies most of the farm inputs.
Growth in agricultural production will depend to a major extent
on the offers to farmers of materials, machinery, information,
and various kinds of services, including financial services.
Farmers do more bargaining in their factor markets than they

Table 2—Index of farm inputs and productivity (1977 = 100)

Year All Nonpurchased Purchased Productivity*
1940 97 176 50 52
1950 102 166 61 60
1960 98 131 74 77
1970 97 107 88 87
1980 103 99 106 100

*Ratio of index of farm output to index of all inputs times
100.
Source: Andrilenas and Torgerson (4).
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do in their product markets. They negotiate land prices, con-
tract rents, make bids on machinery, and shop around for the
best deal on chemicals and seeds. Often, local input markets
involve only a few buyers and a few sellers, so the markets for
many farm inputs tend to exhibit imperfect competition, oli-
gopoly, or sometimes monopoly. Farmers can exert some in-
fluence on the prices they pay for inputs even when they are
price takers in their product markets.

Prices that sellers of farm inputs are willing to accept are often
affected by opportunities to sell the same or related goods and
services to the nonfarm sector. Manufacturers, for example, set
prices of farm machinery with recognition of opportunities for
sales to construction firms of other equipment they manufac-
ture. Prices in the farm input markets, therefore, are influenced
not only by the demand for farm products, but also by the
prices of nonfarm producer goods and services. The nonfarm
sector is expected to have the capacity.to supply farmers with
the quantities of inputs needed to meet growing domestic and
foreign demands for food; the prices famers pay for purchased
farm inputs will be determined in part by what happens to the
level of nonfarm producer prices.

Although export expansion increases the demand for machinery,
meeting the expected increases with little change in real prices
is not beyond the ability of resource suppliers. Gunjal and
Heady estimated that a rise in the annual increase in exports to
5 percent per year from 3.75 percent per year would result in
only a 0.5-percent increase in investment in 1990 for tractors
and other machinery, and approximately a 1.5-percent in-
crease in investment in harvesting machinery (92).

If the world food situation were to become tighter than antici-
pated, one strategy for expanding output would be to increase
the supply of purchased farm inputs. It is therefore useful to
analyze the effects of such an increase. The distributional effects
of an increased supply of inputs tend to counter the effects of a
food scarcity. Lower prices paid for purchased inputs would in-
crease farm production, mostly for crops at first. Prices received
would decline, and consequent reductions in feed costs would
induce further increases in livestock production. The increased
flow of farm commodities at lower prices would result in in-
creased domestic consumption, an increased volume of pro-
cessing and marketing, and increased exports. With purchased
inputs relatively less expensive than land and labor, there
would be more intensive land use and an accelerated release of
labor to nonfarm jobs. This, in turn, would weaken land values
and wage rates. Prices received by farmers would decrease by
more than the increase in output so cash receipts would drop;
reduced costs would be more than offset by the drop in gross
income and net income would fall. Consumers, food handlers
and processors, and importers would benefit (through increased
quantities at lower prices) from the increased supply of pur-
chased farm inputs.




Energy is critical to agricultural growth. Until the early seven-
ties, energy was plentiful and cheap. Since the energy crunch
of 1973, this is no longer true. The real price of oil could rise
during 1985-90 (135, 167). If farmers pay higher real prices for
petroleum, natural gas, and electricity, they can keep energy
expenditures in check by using energy conservation practices
and adopting alternative energy sources: solar heating and
cooling, photovoltaics, wind energy, and liquid and gaseous
fuels from crop and livestock wastes. New tractors, combines,
and farm vehicles will be more energy efficient than the equip-
ment they replace. The horsepower of tractors is increasing so
that more work can be done with less labor. Placing fertilizer
(for which natural gas is a prime feedstock) precisely where it
will be used conserves energy relative to broadcast techniques.
Other crop and fertilizer management systems also allow crops
to use fertilizer more efficiently, by mixing fertilizer with
sprinkler water, for example.

Conservation tillage involves fewer preplant operations, disturbs
the soil less, and leaves more crop residue than conventional
tillage practices. No-till involves no soil disturbance except for
planting. Reduced-till includes a variety of alternative systems
that leave a measurable amount of crop residue and reduce soil
disturbance. Conservation tillage rose from 2.3 percent of the
harvested cropland in 1965 to 10.8 percent by 1975 and 25
percent by 1982. The use of conservation tillage likely will dou-
ble over the next decade. While conservation tillage offers great
promise in conserving soil, it will not become widespread until
farmers become more familiar with the techniques, until
farmers’ fears of lower yields are overcome, until new her-
bicides are developed to insure adequate weed control, and
until research solves problems associated with larger quantities
of residue (56). Conservation tillage reduces the demand for
energy and increases demand for manufactured inputs; it is not
likely to have a significant longrun effect on the yield of most
crops.

The U.S. food system, from production to consumption, uses
approximately 13 percent of the Nation’s energy. The real price
of world oil likely will increase over the next two or three
decades. As petroleum prices increase, two adjustments can be
expected. First, users of oil will shift to other sources, such as
electricity (increasingly from coal) and natural gas. Eventually,
liquid and gaseous synthetic fuels from coal and oil shale may
become important. But given the economic risks of heavy in-
vestment in synthetic fuel facilities, these fuels might not be
produced without some form of government guarantee. Sec-
ond, over the longer run, energy users will continue to invest
in energy-conserving devices and practices, thereby substituting
relatively less expensive capital and labor for the more expen-
sive fuels. It could take as long as 8 years for adjustments to a
fuel price shock, such as experienced in 1973, to be completed
by the economic system; it would take even longer for synthetic
fuels to adjust (167).

U.S. Agriculture’s Potential

Higher world oil prices generate interest in alternative sources
of fuel. Gasohol is of particular interest to agriculture both as a
potential market for grain, especially corn, and as a competing
use for feedstuffs. In 1980, Congress passed the U.S. Energy
Security Act appropriating funds and providing tax incentives
with an objective of producing 10 billion gallons per year of
gasohol by 1990, or 10 percent of total U.S. gasoline con-
sumption. When corn is used for gasohol production, two ma-
jor products are produced: ethanol and distillers’ dried grain
(DDG). DDG, with a protein content of 22 percent, is a substi-
tute for soybean oil meal as a supplement in livestock feed.
Thus, as ethanol production increases, soybean acreage is ex-
pected to decrease. Some of these soybean acres will be
planted to corn.

LeBlanc and Prato estimated that if more corn is produced for
ethanol, soybean production would drop (136). Prices received
for both corn and soybeans would increase, as would net farm
income. Side effects include higher food prices to consumers,
higher feed costs to the livestock sector, and reduced grain and
soybean exports. Despite government incentives for gasohol
production (a direct Federal subsidy of 5 cents per gallon,
Federal construction subsidies and tax advantages, and exemp-
tion from some State gasoline taxes), gasohol is not competitive
in the marketplace and is unlikely to play a major role in total
energy production.

Another alternative fuel source is oil shale. Large deposits of
oil-bearing shale are in western Colorado, Wyoming, and east-
ern Utah. Development of the oil shale industry could benefit
the Nation’s economy if the associated economic risks are con-
tained (180). Financial and economic feasibility of oil shale ex-
traction do not appear possible before about 1995 (135). How-
ever, political disruption in the Middle East could cause world
oil prices to reach a breakeven level for oil shale at almost any
time. The same is true for synthetic fuels from coal.

The impact of limited energy supplies and rising energy costs
on U.S. agriculture could be pervasive. Most heavily hit likely
would be irrigated regions of the West that are dependent on
ground water pumping, areas heavily dependent on sprinkler
irrigation, and areas of the Corn Belt where grain drying is ex-
tensive. Fertilizer use may stabilize or decline. Irrigated agricul-
ture will probably adjust to higher energy and water costs in the
short run by substituting additional capital and labor for energy
and, in the long run, by switching to crops with lower energy
and water requirements. Grain producers may grow shorter-
season varieties and turn to alternative energy sources such as
solar drying.

Higher real energy prices will probably limit growth in newly ir-
rigated acreage, especially from ground water sources. As real
energy prices increase, the economic supply of ground water
for irrigation will be reduced. An increase in exports, however,
with concomitant increases in real commodity prices, would
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allow continued pumping of ground water. Another depression
of real prices (similar to the 1982-83 drop) would idle some ir-
rigated land in arid regions while land in moderate rainfall
areas, such as the Great Plains, would revert to dryland farm-
ing. Energy supply disruptions can cause temporary changes in
food production but are not expected to limit U.S. agriculture’s
ability to meet the domestic and foreign demands likely to be
placed on it during the next two or three decades (135, 167).

Farmers are responsive to changes in the prices of purchased
farm inputs relative to one another and relative to the level of
prices received. The ratio of prices received to prices paid has
generally decreased throughout this century and is expected to
continue to decrease in coming decades. During the seventies,
prices paid for agricultural chemicals declined relative to prices
received for farm products. And relative prices paid for fertilizer
increased since the early seventies to about the same level as
they were during the midsixties. Higher prices and reduced re-
quirements limited expenditures for buildings and machinery.

Purchased farm inputs are expected to become increasingly im-
portant as a basis for agricultural growth. The nonfarm sector
appears to have the potential to satisfy increasing demands for
purchased farm inputs. Issues will arise over prospective in-
creases in the real level of prices paid by farmers, particularly
for energy intensive inputs, and over the competitiveness of
farm inputs markets (including those for natural resources and
labor). Farmers’ purchases of nonfarm inputs are intimately
related to changes in agricultural technology. As farmers con-
tinue to adopt new ways of doing things, issues will surface
associated with the relationship of purchased inputs to resource
productivity, income distribution, and the effect of various pro-
duction practices on food purity and environmental quality.

Increasing productivity and expanding markets, particularly ex-
port markets, continue to expand farmers’ demands for pur-

Table 3—Farm population and employment, 1940-80

chased inputs. The quantity of purchased inputs offered to
farmers will continue to expand, but the relative prices paid by
farmers will continue to increase. The availability of purchased
farm inputs is not expected to become a limit to growth during
the next two or three decades.

Farm Labor

Growth in export markets may make labor a more important
determinant of agricultural supply response than in the past few
decades, but labor is not expected to limit the ability of U.S.
agriculture to meet domestic and foreign market demands dur-
ing the next two or three decades.

The population on U.S. farms was 7.2 million in 1980, about
3.3 percent of the total resident population. Farm employment
was 3.7 million, of which 2.4 million were family and 1.3 mil-
lion hired. The longrun trend of farm population and employ-
ment has been emphatically downward (table 3). This is consis-
tent with an increasingly productive agricultural industry, a
transfer of many processing, transporting, and handling jobs to
the nonfarm agricultural marketing sector, increased purchases
of nonfarm inputs, and changes in relative factor prices.

Farm employment frequently has not been included as a
potentially limiting variable in analyses of U.S. agricultural pro-
duction. A reason for this is that farm labor was in surplus; the
problem was to find nonfarm uses for the labor that was released
from agriculture. This situation is changing. A net of 23.3 mil-
lion persons left the farm since 1940; only 7.2 million are left.
Beale noted that “this was one of the largest voluntary migra-
tions in human history.. (12, p. 80). The pace of outmigration
from agriculture halved the farm population every two decades.
Even if this pace were to continue, the importance of outmigra-
tion of farm people is over as a major social force in the U.S.
economy. Furthermore, the pace slowed in recent years and

Farm employment

us. Farm Farm labor survey3 Current
Year population’ population? Y population
Total Family Hired survey?
------ Million -——--- Percent of U.S. B R 7 /1] 1o, R
1940 132.6 30.5 23.2 11.0 8.3 2.7 9.5
1950 152.3 23.0 15.3 9.9 7.6 23 7.2
1960 187.7 15.6 71 5.2 1.9 5.5
1970 204.9 9.7 4.5 3.3 1.2 3.5
1980 221.7 7.2 3.7 2.4 1.3 3.4

Total resident population, U.S. Census.

2Previous definition of a farm. Using the definition adopted in 1978, there were 6.1' million people living on farms, 2.6 perceht of

the total residential population.

3Statistical Reporting Service, Farm Labor Survey. Previous definition of a farm.
4Bureau of Labor Statistics, Current Population Survey. Persons 16 years and older.
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agriculture showed some signs of labor retention during the
rapid export growth of the seventies.

Use of hired labor stayed about the same during the seventies,
according to the farm labor survey (table 3), as acreage for ex-
port doubled, the pace of large-scale mechanization slowed,
and family labor used on farms continued to fall. The current
population survey, which samples a different group of people
and uses a different definition of a farm, also indicates retention
during the seventies. If the world food situation tightens and
exports continue to rise toward two-thirds of harvested acreage,
the total labor requirements for some export commodities will
increase despite continued technological, labor-saving
improvements.

The impact of exports on farm employment varies among crops
and regions. Farm labor policies in coming decades may focus
less on finding nonfarm jobs for those displaced from agricul-
ture and deal more with adjustments such as the increasing
proportion of hired relative to family labor.

While a scarcity of farm labor is not imminent, a drop in the
supply of labor would limit farm production, according to the
cross-sectional analysis. If that happened, livestock production
would be limited more than grain and oilseeds. Prices received
by farmers would rise to more than offset the output reduction,
so gross income would increase. Feed costs would rise and
thus further limit livestock output. Demand for other farm in-
puts would decrease, prices paid would fall, and farm income
would increase. Owners of resources that are complementary
with farm labor would sell less at lower prices.

Some regional shifts would result even if the supply of labor
tightened uniformly across the country. The adjustments to
reduced availability of labor would be most responsive for cot-
ton in the Pacific region and for hogs in the Northern Plains,
according to the cross-sectional analysis. It would be least
responsive in the Corn Belt. Total cotton production would be
little changed, but more would be grown in the Southeast and
Delta regions, which have been reducing cotton acreage in re-
cent years, and less cotton would be grown in the Pacific
States. Livestock production would be reduced most sharply in
the Lake States, Appalachian, and Delta regions.

Technology

Agricultural production depends not only on the quantity of re-
sources available but also on the productivity of resources used.
A technological advance is a change in the way of doing things
that increases the flow of outputs relative to inputs. Despite
earlier technological advances, like the moldboard plow, irriga-
tion, refrigerated railroad cars, tractors, hybrid corn, and
chemical fertilizers, growth in food production also depended
on increases in the total resources used. This changed during
the thirties. Total resource use is about the same now as it was
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then (table 2) but output has grown through resource substi-
tutions and new ways of doing things. Expanding demand and
reduced availability of farm labor during World War II stimu-
lated adoption of the cotton picker and set off a decline in farm
labor that did not level off until the seventies. The number of
tractors peaked in 1965, when the decline in farm numbers
overtook the adoption of mechanized technology.

The productivity index (table 2) is the ratio of the index of farm
output to the index of farm input. Though there is a great deal
of uncertainty about what is shown in measures of aggregate
productivity, as pointed out by Langham and Ahmad, growth
rates over time do provide an indicator of progress (134). The
productivity index has been rising for the past three decades at
an average annual rate of 1.9 percent per year. This rise is
usually interpreted as a reflection of new technologies, although
it was affected by structural and institutional changes and by
farmers’ adjustments within known technologies to changes in
relative prices.

Following World War II, growth in food production exceeded
growth in markets. The midsixties were marked by commodity
surpluses and a relatively low rate of capacity utilization in
agriculture. Harvested acreage was historically low through the
sixties, attaining its minimum in 1962. The acreage reduction
programs of the sixties accelerated the use of fertilizer as the
program payments and commodity support prices increased
receipts relative to the price of fertilizer.

During the seventies, the growth in productivity appeared to
slow (to only 0.6 percent per year) even as output was rapidly
rising for export. The slowdown raised questions, reviewed by
Lu, whether technological advance in agriculture was ap-
proaching a limit at the same time that cropland harvested was
approaching its historical high (148). However, the slowdown
may have been more apparent than real. More corn was grown
outside the Corn Belt, closer to shipping points, where corn
yields are lower. This reduced the weighted-average corn yield.
Second, more crops were produced relative to livestock. Since
crop productivity indexes include more inputs per unit of out-
put, Teigen showed that the weighted average of both com-
modities reduced the aggregate measure (238). These two
points are expanded below; they suggest that much of what ap-
peared to be a change in productivity was attributable to shifts
among commodities, resources, and regions in response to
changing market conditions and to weather.

Before the midsixties, livestock production grew more rapidly
than crop production. Crop yields increased and production
grew more rapidly than the markets could absorb at current
prices; acreage was reduced. Since then, growth in crop pro-
duction has doubled its earlier rate, spurred by growth in ex-
port of grains and oilseeds. At the same time, the growth in
livestock production was reduced to a little less than the growth
in U.S. population.
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On balance, the increased growth of crop production offset the
slower growth of livestock production and total farm output ex-
panded steadily over the past four decades. There was little
change in aggregate resource use and the advance in output is
attributed to an increase in resource productivity. However,
crop production requires more purchased inputs, including fer-
tilizers and chemicals, than livestock production, so that the
growth in productivity, measured as the ratio of aggregate out-
put to aggregate input, appeared to slow down as the mix of
crop and livestock products changed (238).

Regional variations in crop production explain some of the ap-
parent slowdown in productivity (fig. 7). In the Corn Belt,
Plains, Delta, and Mountain regions, total crop production in-
creased and vields followed a stable, rising trend. Production
and vields changed little in the Northeast. The Lake States,
Pacific, Appalachian, and Southeast regions had significant in-
creases in production, but this was accomplished through in-
creasing inputs, particularly cropland, with no advance in
yields. Yields tend to fall as acreage increases and also as the
price of fertilizer rises relative to commodity price. When the ef-
fects of land, fertilizer, chemicals, and weather are accounted
for, significant annual trends in yields were strongest for the
Corn Belt, Plains, Mountain, and Pacific regions.

Commodity and regional adjustments permitted the aggregate
indicator of productivity growth to slow during the seventies
even in the absence of a slowdown in technological advance.
The productivity index resumed its growth again during the
eighties. Reports of new technology being developed for agri-
culture suggest that the productivity of agricultural resources
can be expected to continue to increase in coming decades.

Figure 7

Regional Growth in Farm Production, 1969-81
(Index of Farm Output per Unit of Input)

Northern

i Lake
Plains States
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Prospects for further technical change include genetic engineer-
ing and a new generation of more specialized and computerized
machinery (238). Other prospects include: remote machinery
monitors, controls and robotics; reduced-tillage and no-till prac-
tices; crop varieties that are more pest resistant, higher yielding,
capable of being grown in new geographic locations, and that
have shorter growing seasons; placement of fertilizer and
pesticide in the soil close to the seed; crop growth hormone
changes; drought resistant and salt-tolerant crops; nitrogen fixa-
tion by grass crops; biological pest controls and vaccines; con-
trol of animal reproduction; more efficient animal feed conver-
sion; livestock growth hormone changes; and alternatives to
traditional livestock and crop products to satisfy human nutri-
tion requirements. Improvements in information flows and deci-
sionmaking by farmers will increase efficiency. Adoption of
microcomputers by farmers is increasing the quantity of food
that farmers supply at a given price (157).

Emerging biotechnologies and genetic engineering have made
dramatic progress during the past two decades. Some results
have already been adopted by farmers. Photosynthetic enhance-
ment, plant growth regulators, cell and tissue culture opera-
tions, gene transfer technology, and biological nitrogen fixation
in corn will affect farm productivity measurably by the end of
the eighties.

The rate of photosynthesis affects plant yields, according to in-
direct laboratory evidence. So far however, no increases have
been recorded in commercial corn yields due to increased photo-
synthesis rates. Plant breeding based on selection for the car-
bon dioxide exchange rate is expected to enhance the photo-
synthesis rate. Air pollution, by changing the ozone level, slows
the rate of photosynthesis and reduces corn and soybean
yields. Research is needed to evaluate this problem and to
determine the need to reduce concentrations of ozone or to in-
crease ozone resistance in affected crops.

Plant growth regulators (PGR) are organic compounds, other
than nutrients, that modify physiological processes in plants.
PGR’s increase yields by increasing the grain’s proportion of the
plant’s total dry matter.

Genetic modification of plant cells has been made possible by
recent advances in molecular biology, cell and tissue culture,
and gene transfer. This will augment the genetic modifications
that have taken place for thousands of years by natural and
human-guided selection. Gene transfer at the cellular level in-
volves two approaches: protoplast fusion (combining the
genetic material from two cells into one cell) and DNA transfer
via bacterial plasmids or viruses that carry DNA into a host
plant. The development of cell and tissue culture has facilitated
the regeneration of plants from undifferentiated cells, the trans-
fer of genetic material from one species to another, and mass
propagation. Although the ability to culture plant cells has ex-
isted since the thirties, the regeneration of whole plants from




the cultured cells for corn was first reported in 1975. This in-
novation will reduce the time required to develop new
varieties.

Biological nitrogen fixation involves microbial activity in which
atmospheric nitrogen, which is in the air within the soil, is
directly usable by the plant. The mechanisms likely to bring
about nitrogen fixation in corn are: forming a symbiotic relation-
ship between free-living microbes and the corn plant, or induc-
ing the corn to form nitrogen-fixing nodules on its roots. This
could reduce nitrogen application by at least one-fourth of cur-
rent application rates.

Research is underway on methods to regulate animal appetite
and feed intake, enhance cellular growth processes, and im-
prove the synthesis of feeds into protein. It is estimated that a
bovine growth hormone can increase milk yields per cow by 20
per cent. Improved disease resistance and immunities are being
discovered. Germ plasm changes will result in improved breeds
and strains. More efficient reproductive methods will use ad-
vanced embryo technology and sexed semen.

The aggregate rate of technical advance glosses over myriad
details about individual advances in science and invention,
development and marketing of new products, and education
on how to incorporate the advances into practical farm man-
agement practices. During the past century, advances in agri-
cultural technology had public support through the USDA-Land
Grant University system for research, extension, and education
(23; 174, Vol. 1, p. 1). Recent developments in high-tech
methods of farming and recent changes in patent and copyright
laws portend a shift in emphasis to more private and less public
agricultural research (57). Policy issues will arise as to the ex-
tent technological developments continue to be in the public in-
terest as they meet private goals.

Adoption of new technology can increase farm output and
reduce the demand for traditional farm inputs, according to the
cross-sectional study. With an inelastic demand for food, prices
received by farmers would decrease and gross income would
be lower. Fewer inputs would be required so prices paid by
farmers would decrease. Net farm income would drop, as
would incomes to suppliers of land, water, labor, and pur-
chased inputs. The increased availability of food products at
lower prices would benefit consumers, trading partners, and the
domestic marketing sector. A major benefit to agriculture would
be to keep it competitive in world markets.

Technology hits unevenly within agriculture. For example, if
farmers increased corn yields by adopting a series of technol-
ogical advances, production of corn would increase and the
price received would decrease, according to the cross-sectional
study. More corn would be used for food, feed, industry, ex-
ports, and carryovers. With corn relatively cheaper, production
of barley, oats, sorghum, and possibly wheat, would fall.

U.S. Agriculture’s Potential

Cheaper feed grain would induce more livestock products, par-
ticularly beef and pork. As more meat products moved into
domestic markets at lower prices, the demand for inputs to
livestock enterprises—pasture land, labor, high-protein feed,
and certain purchased inputs—would increase. More soybean
meal would meet this increased demand for protein feeds, but
less would be grown of most other crops. Soybean oil, a joint
product with soybean meal, would increase in supply, so the
price of soybeans would weaken despite the increased demand
for soybean meal. Demands for inputs for crop production
would decrease as demand for inputs for livestock production
increase. Aggregate net farm income would fall as would total
payments to input suppliers. Regional variations in net farm in-
come (gross income less variable costs) resulting from the cross-
sectional analysis of an increase in corn yields are shown in
figure 8 (38, 111). Benefits of increased food supplies at lower
prices accrue, through the forward linkages from the farm gate
through the marketing sector, to domestic consumers and
trading partners.

If growth in productivity continues for the next 30 years at the
1.9-percent-per-year pace of the past 30, total farm output will
increase by 70 percent above the present level. With domestic
markets likely to increase by under 1 percent per year, a
1.9-percent-per-year increase in productivity would support a
3-percent-per-year increase in exports. Current expectations are
for U.S. exports to increase at close to 3 percent per year in
coming decades. In addition, adoption of technology is likely to
accelerate. Consequently, technological advance is not likely to
be a limiting factor in the ability of U.S. agriculture to meet the
domestic and foreign demands likely to be placed on it during
the next two or three decades.

Figure 8

Regional Change in Net Farm Income in
Response to 10-Percent Increase in Corn Yields

Northern

Plains Lake

Mountain

V7] Low States

33



Clark Edwards

Regional Location of Enterprises

There is regional specialization in crop and livestock produc-
tion. Regional patterns change over time; for example, cotton
shifted from the Southeast to the Southwest following World
War II. Double cropping, humid area irrigation, and crop
varieties with shorter growing seasons induce regional shifts.
Changes in export markets have important regional implica-
tions. Expanding corn exports during the seventies led to in-
creased production away from the efficient Corn Belt to lower
yielding land closer to Gulf shipping ports; and expansion of
soybean exports led to increased production in the Delta where
potential cropland is highly subject to erosion. Population shifts
from the frostbelt to the sunbelt are intensifying the urban and
industrial competition for land, water, and other resources used
by farmers (167).

Further shifts induced by changing exports likely will raise issues
concerning accompanying changes in the regional distribution
of farm income. It will also raise issues concerning the regional
responsibilities for research on commodities that are undergoing
a shift in location; for example, research at the lowa Agricul-
tural Experiment Station of benefit to Georgia corn growers, or
at the Georgia Agricultural Experiment Station of benefit to
Texas cotton growers.

Institutional Arrangements Affecting Farmers

A number of institutions affect the supply response of U.S.
agriculture to changing world food markets. Many of these can
be discussed in conjunction with the issues they directly affect.
For example, a discussion of general agreements on tariffs and
trade is an integral part of the export issue, and a discussion of
institutions affecting water rights is an integral part of the re-
source availabilities issue.

We usually think of changes in productivity as indicators of
technical change, but when the indicators are based on ag-
gregate, national statistics, they can be affected by shifts within
the aggregates, such as a change in the size distribution of
farms, ownership patterns, legal form of organization, or com-
modity specialization. Crop yields tend to be higher on farms
with more acres, higher sales, specialized, incorporated, and
with operators who are part owners or tenants, or who are in
their midthirties to midforties. Hence, the supply of farm prod-
ucts is related to the structure of agriculture.

There are some institutional arrangements that, while not
directly in the domain of agricultural policy, have important im-
plications for the size of domestic and export markets for farm
products, and for the supply response of farmers to changes in
these markets. These institutions include national monetary
controls, tax laws, and factors affecting the level of government
deficits. For example, higher interest rates affect both the de-
mand for and supply of farm products. Higher interest rates in-
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crease exchange rates and thereby increase the real price of
U.S. food products in world markets. And higher interest rates
discourage investment in farmland and capital and thereby de-
crease the supply of food. The effect of nonfarm economic and
political institutions on the efficiency and equity of agricultural
production to meet domestic and foreign demands for food will
be an issue in coming decades (20, 120, 210, 245).

Conclusions

Growth in both the domestic and export markets for U.S. agri-
culture is needed during coming decades to absorb the growing
production potential without depressing prices. Domestic mar-
kets are growing relatively slowly. Programs have supported the
development of new uses for farm products and have distri-
buted food at home and abroad to those who lack the purchas-
ing power to buy enough to eat at current market prices. But,
given the prospect for growth in production, either some major
new domestic market will have to be developed (such as indus-
trial uses of farm products, including gasohol) or export mar-
kets must be relied upon as a source of growth.

Farm policies will probably have to cope, over the next two or
three decades, with a continued decline in the ratio of prices
received by farmers to prices paid, and with continued price
variability of foreign origin. Farmers have the flexibility and
resilience to make most of the adjustments needed to cope with
these changes. However, they may, at times, need protective
intervention by government. If the United States again supports
domestic prices above world prices to protect farm incomes, it
may again price U.S. farmers out of world markets and slow
the growth of export sales. However, if it provides no protec-
tion and allows protective policies of other governments to shift
instabilities from themselves to the rest of the world, U.S.
farmers and consumers will be hurt by the resulting price
volatility. The basis for domestic farm income support and price
stabilization policies is changing, primarily because of increased
reliance of U.S. farmers on export markets that are volatile and
that are growing more slowly than the domestic potential to fill
them.

Growth in exports slightly below 3 percent per year is antici-
pated; that is about enough, given the trend in domestic de-
mand, to absorb anticipated growth in agricultural capacity,
even if the moderate downtrend continues in real prices re-
ceived by farmers. The longrun decline in real prices received
by farmers is expected to continue for three reasons. First, the
trend has been in that direction for more than a century, and
nothing in the present situation points to a new and compelling
reason for concluding that a change has taken place. Second,
U.S. agricultural capacity can grow faster than the markets are
growing. Farmers show a propensity to produce more than will
clear the market at current prices. This force for decreasing real
prices need not be strong, but it reinforces the other two forces.
Third, world agricultural capacity is growing faster than world




markets are growing. If U.S. farmers are to expand exports,
then real prices received for exported commodities will have to
fall gradually to remain competitive.

Price volatility returned during the seventies to the level of the
forties and earlier. The atypical price stability of the fifties and
sixties was attributable to U.S. price support policies that main-
tained domestic prices above world levels and permitted ac-
cumulation of burdensome carryover stocks. Except for the war
years, volatility earlier in this century was attributed to domestic
sources including weather and instabilities in urban markets.
The major source of volatility now appears to have shifted
abroad, particularly to policies of major governments. These in-
clude decisions to import to stabilize domestic supplies instead
of “tightening the belt” regardless of the destabilizing impact on
others, and embargoes for political or diplomatic purposes.
Prices are not expected to return to the unusual stability of the
fifties and sixties.

Growth in the physical capacity of the U.S. farm sector seems
to be adequate to meet expected food demands. U.S. agricul-
ture can produce enough to meet domestic and export de-
mands for food, even at moderately decreasing real prices, as
long as efforts continue to conserve and develop natural re-
sources, discover new technologies, promote efficient regional
relocations of enterprises, and maintain an increasing supply of
purchased farm inputs. Temporary strains are anticipated again,
perhaps even as severe as those in the seventies. Lester R.
Brown said toward the close of that stressful period that “the
problems are manageable but managing them satisfactorily will
require an exceptional exercise of political will and human in-
genuity” (31). Later, Batie and Healy subscribed to a similar
view of the future, which they called “guarded optimism” (11).
Since those comments were made, pressures on food supplies
have eased. No doubt, supplies will periodically tighten and
ease again. But for the long run, the physical capacity prob-
lems seem to be manageable. Strains placed on U.S. agricul-
tural capacity need not lead to prolonged food shortages.

While physical limits on capacity are not anticipated, there may
be institutional ones. Another doubling of exports within the
short period of one decade, as happened during the seventies,
would again strain the agricultural economy by inducing
changes in relative prices, income distribution, farm size,
ownership patterns, and other structural attributes. Other fac-
tors, which are not considered agricultural, can limit
agriculture’s supply response: high interest rates, credit ration-
ing, and a substantial strengthening of the dollar against the
currencies of importing countries. Managing these institutional
limits on food capacity is likely to require, from time to time,
an “exercise of political will and human ingenuity.”

Strong growth in traditional exports (mostly corn, wheat, and
soybeans) induces changes in relative prices and incomes that
favor crop growers, input suppliers, and trading partners but
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not necessarily livestock growers, postharvest handlers, or con-
sumers. This distributional trend will raise issues for agricultural
policy to deal with in coming decades.

Given the prospects for runs of a few years of relative shortages
followed by a few years of relative plenty, shortrun income
shifts of large proportions may occur from time to time. These
shifts will favor first one group, then another. Shortrun but
large changes, due, for example to a few consecutive years of
inflationary rises in consumer food prices or, alternatively, to a
few consecutive years of reduced exports, depressed farm in-
come, and falling land values, could put strong pressure on
agricultural policy in coming decades. Policies for the late
eighties and beyond need to be flexible enough to deal with
these issues as they arise, or to avert them through stabilization;
polices to share the risk while at the same time maintaining
agriculture’s flexibility and resilience in adjusting to change.
How farm programs are financed and operated when world
food markets are tight or volatile compared with when they are
plentiful or stable affects the distribution of food and income
among domestic consumers, the marketing sector, farmers, in-
put suppliers, and U.S. trading partners. The equity of such
redistributions of income during temporary times of stress could
prove to be of more concern for policymakers than the longrun
limits to U.S. agricultural capacity.

Nearly half the annual value of farm exports is from three
crops—wheat, corn, and soybeans. These are high-tech
products of a modern agriculture. At the same time, they are
bulk crops with minimal or no postharvest processing. Export
of these three crops adds to the income of farmers who grow
them, adds to the cost (through higher feed prices) of farmers
who feed livestock, and has little effect on the income of other
farmers (who grow fruits or vegetables, for example). Further-
more, export of these crops adds little to employment and in-
come in the food-marketing sector. The increase in the U.S.
share of world trade in recent years was heavily concentrated in
exports of bulk crops, even though world trade in high-value,
processed food products (both crops and livestock) was ex-
panding rapidly. The U.S. share of high-value exports
diminished.

At issue in the years ahead could well be strategies to maintain
a reliable flow of U.S. farm products into world markets, to
diversify the types of commodities exported, and to consider
the efficacy of exporting higher value food products (both crop
and livestock products) as a means of creating nonfarm income
and employment in the food and fiber industries. Growth in
farm export markets is an important determinant of whether
U.S. agriculture will continue to be growing and prosperous, or
whether it will increasingly rely on public transfers to maintain
income levels in farming, or whether it will undergo a further
major adjustment resulting in a much smaller yet prosperous
agriculture that produces a reliable supply of food and other
farm products mostly for domestic markets.

35



Clark Edwards

References

10.

11.

12.

36

Abel, Martin E., and Anthony S. Rojko. World Food
Situation: Prospects for World Grain Production, Con-
sumption, and Trade, FAER-35. U.S. Dept. Agr.,
Econ. Res. Serv., Sept. 1967.

Allen, R. G. D. Mathematical Analysis for Economists.
New York: St. Martin’s Press, 1938,

Anderson, H. O., and others. Economics of Some Soil
Conservation Practices, RB 403, Ames: lowa Agr. Exp.
Sta. Dec. 1953.

Andrilenas, Paul, and David Torgerson. “Input Produc-

tivity,” U.S. Dept. Agr., Econ. Res. Serv., special

material to the ERS world food study, 1984.

Arrow, K. L. Aspects of the Theory of Risk-Bearing.
Helsinki: Academic Bookstore, 1965. Ch. 3, pp.
90-120.

Askari, H., and J. T. Cummings. “Estimating Agricul-
tural Supply Response with the Nerlove Model: A
Survey,” International Economic Review, Vol. 18, No.
2 (1977), pp. 257-92.

Bain, Robert. Changes in the International Grain Trade
in the 1980’s, FAER-167. U.S. Dept. Agr., Econ. Res.
Serv., July 1981.

Bajwa, Rajinder Singh. Humid Area Irrigation: Geo-
graphic and Economic Perspectives. Michigan
Geographical Publication No. 28. 1983.

, William M. Crosswhite, and Dwight M.
Gadsby. “Consumption Use of Water and Supplemental
Irrigation Needs for Selected Crops and Locations in the
Southeastern United States,” Staff Rept. No. AGES
830616. U.S. Dept. Agr., Econ. Res. Serv., June
1983.

Barr, T. N. “The World Food Situation and Global
Grain Prospects,” Science, Vol. 214. (1981), pp.
1087-1095.

Batie, Sandra S., and Robert G. Healy. The Future of
American Agriculture as a Strategic Resource.

Washington, D.C.: The Conservation Foundation,
1980.

Beale, Calvin L. “Demographic Aspects of Agricultural
Structure.” Structure Issues of American

Agriculture, AER-438. U.S. Dept. Agr., Econ. Stat.
Coop. Serv., Nov. 1979.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Berndt, E. R. “Energy Price Increases and the Produc-
tivity Slowdown in United States Manufacturing, The
Decline in Productivity Growth.” Conference Series No.
22, Federal Reserve Bank .of Boston. June 1980.

Bhide, Shashanka, C. Arden Pope Ill, and Earl O. Heady.
“A Dynamic Analysis of the Economics of Soil Conser-
vation: An Application of Optimal Control Theory.”
CARD Report 110. Ames: lowa State Univ., Aug.
1982.

Bigman, David. Coping With Hunger: Toward a System
of Food Security and Price Stabilization. Cambridge
Mass.: Ballinger Pub. Co., 1982.

Bills, N. L., and G. Gustafson. “Enrollment in Use
Value Assessment Programs in the United States.” Staff
Report No. AGES 821014. U.S. Dept. Agr., Econ.
Res. Serv., Oct. 1982.

Binkley, James K. “Marketing Costs and Instability in
the International Grain Trade,” American Journal of
Agricultural Economics, Vol. 65, No. 1 (1983), pp.
57-64.

Binswanger, Hans P., and others. Induced Innovation:
Technology, Institutions and Development. Baltimore:
Johns Hopkins University Press, 1978.

Blakeslee, L. L., E. O. Heady, and C. F. Framingham.
Food Production, Demand and Trade. Ames: lowa
State U., Center for Agricultural and Rural Develop-
ment. 1973.

Blandford, David. “Instability in World Grain Markets,”
American Journal of Agricultural Economics, Vol. 34

(Nov. 1983), pp. 379-395.

, and Nancy E. Schwartz. “Is the Variabili-
ty of World Wheat Prices Increasing?” Food Policy, Vol.
8 (1983), pp. 305-312.

—, and Nancy E. Schwartz. “World Wheat
Price Variability: Changes in Its Magnitude and
Sources,” Staff Paper 82-83. Ithaca, N.Y.: Cornell Dept
of Agr. Econ. Dec. 1982.

Bonnen, James T. “Historical Sources of U.S. Agri-
cultural Productivity: Implications for R & D Policy and
Soil Science Research,” American Journal of
Agricultural Economics, Vol. 65, No. 5 (Dec. 1983),
pp. 958-66.




29.

30.

31.

32.

33.

35.

36.

24.

t’ 25.

26.

27.

28.

Boxley, Robert F. “Competition for Agricultural Land to
the Year 2000,” Agricultural Land Availability. Commit-
tee on Agriculture, Nutrition, and Forestry, U.S. Senate,
97th Congress, 1st Session, July 1981.

— . "“The Supply of Cropland. U.S. Dept.
Agr., Econ. Res. Serv., special material submitted to
the ERS world food study, 1984.

Brandt Commission. North-South: A Program for Sur-
vival. Cambridge, Mass.: MIT Press, 1980.

Bredahl, Maury E., and William H. Meyers, “U.S. Agri-
cultural Exports and the Value of the Dollar,” Economic
and Marketing Information. Missouri Coop. Ext. Serv.,

Vol. 26, No. 3 (1983).

Breimyer, Harold F. Preparing for the Contigency of
Intense Pressure on U.S. Food Producing
Resources. Washington, D.C.: National Planning
Association, NPA Rpt. No. 192, Jan. 1982.

—_— . “Policy for Soil and Water Conserva-
tion: Summary of a Seminar,” Economic and Market-
ing Information. Missouri Coop. Ext. Service, Vol. 25,
No. 12, Dec. 1982.

Brewer, Michael F., and Robert F. Boxley. “Agricultural
Land: Adequacy of Acres, Concepts, and Information,”
American Journal of Agricultural Economics, Vol. 63,

No. 5 (1981), pp. 879-87.

Brown, Lester R. “Accommodating Human Needs and
Numbers to the Earth’s Resources.” Future Challenges

in Renewable Natural Resources, MP-1376. U.S. Dept.
Agr., Econ. Res. Serv., Sept. 1979.

— . Man, Land and Food: Looking Ahead
at World Food Needs, FAER-11. U.S. Dept. Agr.,
Econ. Res. Serv., Nov. 1963.

. State of the World: 1984. New York:
Norton, 1984.

Brown, R. S. “Productivity, Returns and the Structure
of Production in U.S. Agriculture, 1947-74,” Ph.D.
diss. Madison: U. of Wisconsin, 1978.

Bruno, Michael. “Raw Materials, Profits, and the Pro-
ductivity Slowdown,” Working Paper 660R, Nat. Bur.
Econ. Res., Washington, D.C. Dec. 1981.

Byerly, T. C., and others. The Role of Ruminants in
Support of Man. Morrilton, Ark.: Winrock International
Livestock Research and Training Center. April 1978.

37.

38.

39.

40.

41.

42.

45,

46.

47.

48.

50.

U.S. Agriculture’s Potential

Castle, Emery N. “Agriculture and Natural Resource
Adequacy,” American Journal of Agricultural Eco-
nomics, Vol. 64, No. 5 (Dec. 1982), pp. 811-820.

Chancey, Barbara. “Regional Impacts of Food Exports.”
U.S. Dept. Agr., Econ. Res. Serv., Special material
submitted to the ERS world food study, 1984.

Chow, G. C. “Tests of Equality Between Sets of Coeffi-
cients in Two Linear Regressions,” Econometrica, Vol.
28 (July 1960), pp. 591-605.

Ciriacy-Wantrup, S. V. Dollars and Sense in Conserva-
tion. Circular 402, U. of California, Berkeley, Jan.
1951.

. Resource Conservation Economics and
Policies, 3rd. Ed. Berkeley: U. of California, Division of
Agricultural Sciences, 1968.

Colorado Department of Natural Resources. “Colorado
Oil Shale: The Current Status.” Colo. Geol. Survey,
Denver, 1979.

Colorado Energy Research Institute and Colorado
School of Mines Research Institute. Oil Shale 1982: A
Technology and Policy Primer. Golden, Nov. 1981.

Council on Environmental Quality and the Department
of State. The Global 2000 Report to the President: The
Technical Report. 1980.

Crosson, Pierre R., The Cropland Crisis: Myth or Reali-
ty? Baltimore: John Hopkins University Press, 1982.

, and Sterling Brubaker. Resource and
Environmental Effects of U.S. Agriculture. Resources for
the Future. Baltimore: Johns Hopkins University Press,
1982.

Data Resources, Inc. Models for Forecasting Energ;) Use
in the U.S. Farm Sector. Vol. 1, Palo Alto, Cal.: Elec-
tric Power Research Institute, July 1981.

Deaton, Larry, and others. “World Food Situation and
Prospects to 2000: Factors Affecting Demand.” U.S.
Dept. Agr., Econ. Res. Serv., Special material sub-
mitted to the ERS world food study, 1984.

Denison, E. R. Accounting for Slower Economic
Growth: The United States in the 1970’s. Washington,
D.C.: The Brookings Institution, 1979.

Diehl, W. D. “Farm-Nonfarm Migration into the South-

east: A Cost-Returns Analysis,” Journal of Farm Eco-
nomics, Vol. 48, No. 1 (1966), pp. 1-11.

37



Clark Edwards

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

38

Dregne, Harold E. Impact of Land Degradation on
Future World Food Production, ERS-677. U.S. Dept.
Agr., Econ. Res. Serv., 1982,

Duncan, D., and V. Swanson, Organic-Rich Shales of
the United States and World Land Areas. U.S. Dept.
Int., Geol. Survey, 1965.

Eaton, David J. A Systems Analysis of Grain Resources,
TB-1611. U.S. Dept. Agr., Econ. Stat. Coop. Serv.,
dJan. 1980.

Eckstein, Albert, and Dale Heien. “The 1973 Food
Price Inflation,” American Journal of Agricultural
Economics, Vol. 60, No. 2 (1978), pp. 186-196.

English, Burton C., Klaus F. Alt, and Earl O. Heady. A
Documentation of the Resources Conservation Act’s
Assessment Model of Regional Agricuitural Production,
Land and Water Use, and Soil Loss. Ames: lowa State
U., Center for Agricultural and Rural Development.
CARD Rpt. 107T, dJuly 1982.

English, Burton C., and others. RCA Symposium:
Future Agricultural Technology and Resource Conserva-
tion. Ames: lowa State U., Center of Agricultural Devel-
opment, 1983.

Evenson, Robert. E. “Intellectual Property Rights and
Agribusiness Research and Development: Implications
for the Public Agricultural Research System,” American
dJournal of Agricultural Economics, Vol. 65, No, 5 (Dec.
1983), pp. 967-75.

Farrell, Kenneth R., and others. “Meeting Future Needs
for United States Food, Fiber, and Forest Products,”
Needs Assessment for the Food and Agricultural
Sciences. Washington, D.C.: Joint Council on Food
and Agricultural Science, Jan. 1984.

Federal Reserve Bank of Boston. The Decline in Pro-
ductivity Growth. Conference Series No. 22, June
1980.

Ferguson, C. E. The Neoclassical Theory of Production
and Distribution. London: Cambridge University Press,
1969 (1975 corrected edition).

Field, B. C., and P. G. Allen. “A General Measure for
Output-Variable Input Demand Elasticities,” American
Journal of Agricultural Economics, Vol. 63, No. 3
(1981), pp. 575-77.

Firch, Robert S. “Sources Of Commodity Market Insta-
bility in U.S. Agriculture,” American Journal of

63.

64.

65.

66.
67.
68.

69.

70.

71.

72.
73.
74.

75.

Agricultural Economics, Vol. 59, No. 1 (1977), pp.
164-69.

Floyd, J. E., “The Effects of Farm Price Supports on
the Return to Land and Labor in Agriculture,” Journal
of Political Economy, Vol. 73, No. 1 (1965), pp.
148-158.

Food and Agriculture Development Center, German
Foundation for International Development. Agricultural
Production: Research and Development Strategies for
the 1980s. Bonn, West Germany. 1980.

Food and Agriculture Organization of the United Na-
tions. Agricultural Commodity Projections, 1970-1980.
Vol. I. Rome, ltaly, 1971.

— . FAO Agricultural Commodity Projec-
tions, 1975-1985. Rome, ltaly, 1979.

. Agricultural Commodities Projections for
1975 and 1985. Vols. I and 1. Rome, ltaly, 1967.

, . Agriculture: Toward 2000. Rome, ltaly.
1981.

— . Review of Food Consumption Surveys.
Rome, ltaly, 1979.

— . Provisional Indicative World Plan for
Agricultural Development: A Synthesis and Analysis of
Factors Relevant to World, Regional and National Agri-
cultural Development. Rome, ltaly, 1969.

Fox, Austin, S., and Kenneth C. Clayton. “Agriculture’s
Production Potential,” Agricultural-Food Policy Review,
Perspectives for the 1980’s. AFPR-4. U.S. Dept. Agr.,
Econ. Stat. Coop. Serv., Apr. 1981, pp. 70-80.

Frederick, Kenneth, D., and James C. Hanson. Water
for Western Agriculture. Washington, D.C.: Resources
for the Future, 1982,

Freeman, Christopher, and Marie Jahoda. World
Futures: The Great Debate. New York: Universe Books,
1981.

Frey, H. Thomas. Major Uses of Land in the United
States: 1978, AER-487. U.S. Dept. Agr., Econ. Res.
Serv., Aug. 1982.

Gale, G., and N. Nikaido. “The Jacobian Matrix and
Global Univalence of Mappings,” Mathematische An-
nelin 1965, pp. 81-93; reprinted in Reading in




76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Mathematical Economics, Vol. 1, Ed. Peter Newman.
Baltimore: Johns Hopkins University Press, 1968.

Gallaway, Lowell E. “Mobility of Hired Agricultural
Labor: 1957-1960,” Journal of Farm Economics, Vol.
49, No. 1 (1967), 32-52.

. “Geographical Flows of Hired Agricul-
tural Labor, 1957-1960,” American Journal of
Agricultural Economics, Vol. 50, No. 2 (1968), pp.
199-212.

Gardner, Bruce L. “Determinants of Supply Elasticities
in Interdependent Markets,” American Journal of
Agricultural Economics, Vol. 61 (1979), pp. 463-75.

. Optimal Stockpiling of Grain. Lex-
ington, Mass: Lexington Books, 1980.

. “The Farm-Retail Price Spread in a
Competitive Food Industry,” American Journal of
Agricultural Economics, Vol. 57, No. 3 (1975), pp.
399-410.

George, R. A., and G. A. King. Consumer Demand for
Food Commodities in the United States, with Projec-
tions for 1980. Giannini Foundation monograph No.
26. Berkeley: U. of California Agr. Exp. Sta. Mar.
1971.

Girao, S., W. G. Tomek, and T. D. Mount. “Effect of
Income Instability on Farmer’'s Consumption and Invest-
ment Behavior: An Econometric Analysis,” Search:
Agriculture. No. 1. lthaca, N.Y.: Cornell Agr. Exp. Sta.
1973.

Gisser, Micha. “Schooling and the Farm Problem,”
Econometrica, Vol. 33 (July 1965), pp. 582-592.

. “Needed Adjustments in the Supply of
Farm Labor,” Journal of Farm Economics, Vol. 49
(Nov. 1967), pp. 806-15.

Gordon, Douglas. “A Study of International Soybean
Production, Trade, and Storage, and the Prospects for
Price Stabilization,” Ph.D. diss. Philadelphia: U. of Pen-
nsylvania, 1982.

, and Gerald Plato. “Behavior of Price
and Production in a Grain Market with Rational Produc-
tion and Storage,” Proceedings of the Business and
Economics Section, American Statistical Association,
Journal of the American Statistical Assoc. Aug. 1982,
pp. 522-526.

87.

88.

89.

90.

91.

92.

93.

9.

95.

96.

97.

98.

U.S. Agriculture’s Potential

Goreux, L. M. “Economic Growth and Commodity Pro-
jections,” Monthly Bulletin of Agricultural Economics
and Statistics, Vol. 10, Nos. 7/8, July/August 1961.

Gray, S. Lee, Edward W. Sparling, and Norman K.
Whittlesy. “Water for Energy Developraent in the Nor-
thern Great Plains and Rocky Mountain Regions.” Staff
Report NRED 80-3, U.S. Dept. Agr., Econ. Stat. Coop.
Serv., Dec. 1979.

Grennes, T., P. R. Johnson, and M. Thursby. The
Economics of World Grain Trade. New York: Praeger,
1978.

Griliches, Zvi. “The Demand for Fertilizer, An Economic
Interpretation of Technical Change,” Journal of Farm
Economics, Vol. 40, No. 3 (1958), pp. 591-606.

Groenewegen, John R., and Jerry A. Sharples. “A
Perspective on U.S. Grain Reserves,” Unpublished
working paper, U.S. Dept. Agr., Econ. Res. Serv.,
1981.

Gunjal, Kisan R., and Earl O. Heady. Simulation of
Farm Machinery Investments Under Alternative Energy
Price, Support Price, and Export Level Policies. CARD
Rpt. No. 121. Ames: lowa State U., Center for Agricul-
tural and Rural Development, Nov. 1983.

Gustafson, Ronald L. Carryover Levels for Grains: A
Method for Determining Amounts that are Optimal
Under Specified Conditions, TB-1178. U.S. Dept. Agr.,
Econ. Res. Serv., 1958.

Halcrow, Harold G., Earl O Heady, and Melvin Cotner,
eds. Soil Conservation Policies, Institutions and Incen-

tives. Ankeny, lowa: Soil Conservation Society of
America, 1982.

Hanrahan, Charles E., Francis S. Urban, and Larry
Deaton. “Longrun Changes in World Food Supply and
Demand: Implications for Development Assistance
Policy.” Staff Report No. AGES 840111. U.S. Dept.
Agr., Econ. Res. Serv., Jan. 1984.

Hardin, Clifford M., Overcoming World Hunger.
Englewood Cliffs, N.J.: Prentice-Hall, 1969.

Harrington, David H., and others. U.S. Farming in the
Early 1980’s: Production and Financial Structure,
AER-504. U.S. Dept. Agr., Econ. Res. Serv., Sept.
1983.

Harris, Stuart. “Australian Agriculture and World Com-

modity Trading Arrangements,” Australian Journal of
Agricultural Economics, Vol. 24, No. 3 (1980), p. 167.

39



Clark Edwards

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112

40

Hazell, Peter B. Instability in Indian Foodgrain Produc-
tion. IFPRI Research Report 30. International Food
Policy Research Institute, Washington, D.C., May 1982.

Headley, J. C. “Estimating The Productivity of Agricul-
tural Pesticides,” American Journal of Agricultural
Economics. Vol. 50, No. 1 (1968), pp. 13-23.

Heady, Earl O. Agricultural Adjustment Problems in a
Growing Economy. Ames: lowa State U. Press, 1958.

—— . Agricultural Production Functions.
Ames: lowa State U. Press, 1961.

. Agricultural Supply Functions: Estimat-
ing Techniques and Interpretation. Ames: lowa State U.
Press, 1961.

. Economics of Agricultural Production
and Resource Use. Englewood Cliffs, N.J.: Prentice-
Hall, Inc., 1952.

, and Luther G. Tweeten. Resource De-
mand and the Structure of the Agricultural Industry.
Ames: lowa State U. Press, 1963.

Hicks, John R. Value and Capital. Second Edition.
London: Oxford U. Press, 1946.

High Plains Associates and others. Six-State High
Plains-Ogallala Aquifer Regional Resources Study. A
Report to the U.S. Dept. of Commerce and the High
Plains Study Council. Camp, Dresser, and McKee, Inc.,
Austin, Tex., Mar. 1982.

Horner, Gerald L. The Role of Irrigated Agriculture in
an Expanding Market. U.S. Dept. Agr., Econ. Res.
Serv., forthcoming.

Horsfield, James, and Norman Landgren. Cropland
Trends Across the Nation, AER-494. U.S. Dept. Agr.,
Econ. Res. Serv., Dec. 1982.

Hotelling, Harold. “Edgeworth’s Taxation Paradox and
the Nature of Demand and Supply Functions,” Journal
of Political Economy, Vol. 40, No. 5 (1932), pp.
577-616.

House, Robert M. Export Demand and Variability: How
They Affect U.S. Agriculture, U.S. Dept. Agr., Econ.
Res. Serv., forthcoming.

. USMP Regional Agricultural Programm-

ing Model: Theoretical and Data Description. U.S. Dept.

Agr., Econ. Res. Serv., forthcoming.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

— . “Agriculture and Uncertainty in the
1980’s.” Unpublished manuscript. U.S. Dept. Agr.,
Econ. Res. Serv., 1983.

Hutchins, W. Water Rights Laws in the Nineteen West-
ern States, MP-1206. U.S. Dept. Agr., Econ. Res.
Serv., 1974,

Ibach, D. B. Fertilizer Use in the United States: Its
Economic Position and Outlook, AER-92. U.S. Dept.
Agr., Econ. Res. Serv., May 1966.

International Energy Administration. World Energy Out-
look. Organization for Economic Cooperation and
Development, Paris, 1982.

Intriligator, Michael D. Mathematical Optimization and
Economic Theory. Englewood Cliffs, N.J.: Prentice-
Hall, Inc., 1971.

Ippolito, Pauline. “Private Speculative Storage and
Government Stabilization Programs.” Unpublished
manuscript. U.S. Dept. Agr., Econ. Res. Serv., 1979.

dacobson, L., A. Loftin, and S. Thurman. Primary
Energy Demand and Its Allocation among Energy Sec-
tors, Federal Reserve Board, No. 189, Oct. 1981.

Johnson, D. Gale. “The Current World Food
Situation.” Paper presented at the Conference on the
Role of Markets in the World Food Economy, Min-
neapolis, Minn. October 14-16, 1982.

— . “World Agriculture, Commodity Policy,
and Price Variability,” American Journal of Agricuitural
Economics, Vol. 57, No. 5 (1975), pp. 823-28.

— . "“U.S. Agriculture and the World
Economy,” Role of Government in a Market Economy.
Lowell Hill, ed. Ames: lowa State U. Press, 1982.

Johnson, Glenn L. “Supply Functions: Some Facts and
Notions,” Agricultural Problems in a Growing Economy.
E. O. Heady, ed. Ames: lowa State U. Press, 1958.

. “The State of Agricultural Supply
Analysis,” Journal of Farm Economics, Vol. 42, No. 1
(1960), pp. 175-90.

dJosling, Timothy. “Agricultural Production and Stabiliza-
tion Practices: Analysis of Current Neomercantilist Prac-
tices,” International Trade and Agriculture: Theory and
Policy. Hillman and Schmitz, eds. Boulder, Colo.:
Westview Press, 1979.




126.

127.

128.

129.

i 130.

| 131.

133.

134.

|

|

|

: 132.
)

135.

136.

137.

___ . Developed-Country Agricultural Policies
and Developing-Country Supplies: The Case of Wheat.
Report 14. International Food Policy Research Institute,
Washington, D.C. 1980.

dJust, Richard. “An Investigation of the Importance of
Risk in Farmers’ Decisions,” American Journal of
Agricultural Economics, Vol. 56, No. 1 (1974), pp.
14-25.

King, Robert P., and George E. Oamek. “Risk Manage-
ment by Colorado Dryland Wheat Farmers and the
Elimination of the Disaster Assistance Program,”
American Journal of Agricultural Economics, Vol. 65,
No. 2 (1983), pp. 247-255.

Kmenta, Jan. Elements of Econometrics. New York:
Macmillan, 1971.

Koffsky, Nathan M. Economic Problems of an Adequate
World Food Supply. International Agriculture Series 1.
St. Paul: Institute of Agriculture, U. of Minnesota, 1966.

Lamm, R. McFall, Jr. Aggregate Food Demand and the
Supply of Farm Products, TB-1656. U.S. Dept. Agr.,
Econ. Res. Serv., July 1981.

. “Investment in Agriculture: An Em-
pirical Analysis,” Agricultural Finance Review, Vol. 42.
U.S. Dept. Agr., Econ. Res. Serv., Oct. 1982, pp.
16-23.

Lancaster, Kelvin. Mathematical Economics. New York:
Macmillan, 1968.

Langham, Max R., and Ismet Ahmad. “Measuring Pro-
ductivity in Economic Growth,” American Journal of
Agricultural Economics, Vol. 65, No. 2, (May 1983),
pp. 445-51.

LeBlanc, Michael. “Oil Shale Development.” U.S. Dept.

Agr., Econ. Res. Serv., special material to the ERS
world food study, 1984.

—, and Anthony Prato. “Ethanol Produc-
tion from Grain in the United States: Agricultural Im-
pacts and Economic Feasibility,” Canadian Journal of
Agricultural Economics, Vol. 31, 1983.

Lee, John E., Jr. “Increasing Agricultural Productivity
and Conserving the Resource Base: The Natural Inter-
face of Two Critical Issues.” Remarks presented at Sym-
posium for National Agricultural Research Users Ad-
visory Board, Washington, D.C., Feb. 16, 1982.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

U.S. Agriculture’s Potential

Lee, Linda K. Potential Cropland: The Ownership Fac-
tor, AER-476. U.S. Dept. Agr., Econ. Res. Serv., Oct.
1981.

. A Perspective On Cropland Auvailability,
AER-406. U.S. Dept. Agr., Econ. Stat. Coop. Serv.,
July 1978.

Leontief, Wassily, and others. The Future of the World
Economy. New York: Oxford U. Press. 1977.

Lin, William. “Measuring Aggregate Supply Response
Under Instability.” American Journal of Agricultural
Economics, Dec. 1977. pp. 903-7.

. “Producer’s Formulation of Expectation
and Risk Response,” Paper presented at the Western
Agricultural Economics Association annual meetings,
Bozeman, Mont., July 23-25, 1978.

, and Ann Ingerson. “Impacts of Price
Stabilization Policy on Farm Structure.” Contributed
paper presented at the American Agricultural Economics
Association annual meetings, Blacksburg, Va., Aug.
6-9, 1978.

_ , James Johnson, and Linda Calvin. Farm
Commodity Programs: Who Participates and Who
Benefits? AER-474. U.S. Dept. Agr., Econ. Res. Serv.,
Sept. 1981.

Longmire, Jim, and Art Morey. Strong Dollar Dampens
Demand for U.S. Farm Exports, FAER-193. U.S. Dept.
Agr., Econ. Res. Serv., Dec. 1983.

Lopez, R. E. “Analysis of a Small Open Economy: The
Case of Energy Prices in Canada,” American Journal of
Agricultural Economics, Vol. 64, No. 3 (1982), pp.
510-19.

. “The Structure of Production and the
Derived Demand for Inputs in Canadian Agriculture,”

American Journal of Agricultural Economics, Vol. 63,
No. 1 (1980), pp. 38-45.

Lu, Yao-Chi. Emerging Technologies in Agricultural
Production. U.S. Dept. Agr., Econ. Stat. Coop. Serv.,
Oct. 1983. Unnumbered series.

Lucas, Robert E., Jr. “Econometric Policy Evaluation: A
Critique,” The Phillips Curve and Labor Markets, K.
Brunner, and A. H. Meltzer, eds. Amsterdam: North
Holland, 1976.

L




Clark Edwards

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

42

Lutton, Tom. “The Elasticity of Substitution and Land
Use in Agricultural Production: A Cause for Optimism,”
Agricultural Economics Research, Vol. 36. No. 3 (Sum-
mer), 1984. pp. 20-27.

Mackie, Arthur B. Foreign Economic Growth and
Market Potentials for U.S. Agricultural Products,
FAER-24. U.S. Dept. Agr., Econ. Res. Serv., Apr.
1965.

. TheU.S. Farmer and World Market
Development. ERS Staff Report No. AGES 830810.
U.S. Dept. Agr., Econ. Res. Serv., Oct. 1983.

Maital, S. and N. M. Meltz. Lagging Productivity
Growth: Causes and Remedies. Cambridge: Ballinger
Publishing Co. 1980.

Marschak, J., and William H. Andrews, Jr. “Random
Simultaneous Equations and the Theory of Production,”
Econometrica, Vol. 12 (July/Oct. 1944), pp. 143-205.

Martin, Michael, Robert Myers, and Daniel Poretti. “The
North American Grainery: A Policy Research Project
Profile,” Minnesota Agricultural Economist, No. 637,
Sept. 7, 1982.

McCalla, Alex F. “Impact of Macroeconomic Policies
upon Agricultural Trade and International Agricultural
Development,” American Journal of Agricultural
Economics, Vol. 64, No. 5 (1982), pp. 861-868.

McElroy, Robert G., and Kenneth R. Krause. New
Technologies to Raise Agricultural Efficiencies, AlB-453.
U.S. Dept. Agr., Econ. Res. Serv., Aug. 1982.

Meadows, Donella H., and others. Limits to Growth.
New York: New American Library, 1972.

Meister, Anton D., Carl C. Chen, and Earl O. Heady.
Quadratric Programming Models Applied to Agricultural
Policies. Ames: lowa State U. Press, 1978, Ch. 5.

Melichar, Emanuel. “Capital Gains versus Current In-
come in the Farming Sector,” American Journal of
Agricultural Economics, Vol. 61, No. 5 (1979), pp.
1085-1092.

Mesarovic, Mihajlo, and Edward Pestel. Mankind at the
Turning Point: The Second Report to the Club of
Rome. New York: E. P. Dutton & Co. Reader’s Digest
Press, 1974.

Miller, Thomas A. Costs, Returns, and Land Values on
Colorado Wheat Farms 1950-1980: How Historical

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

Relationships Have Changed, TB-150. Fort Collins:
Colorado State U. Agr. Exp. Sta., Apr. 1983.

. “Policy Alternatives to Manage De-
mand: Food Reserves and Storage Programs,” Increas-
ing Understanding of Public Problems and
Policies-1981. Oak Brook, Ill.: Farm Foundation, 1981.
pp. 107-118.

. “Some Concepts for Measuring the
Economic Value of Rural Data: Discussion,” American
Journal of Agricultural Economics, Vol. 63, No. 2
(1981), pp. 363-364.

. Increasing World Market Fluctuations
and U.S. Agriculture: A Summary of Implications. Staff
Report No. AGES 840920. U.S. Dept. Agr., Econ.
Res. Serv., Oct. 1984.

_ ,derry A. Sharples, Robert M. House,
and Charles V. Moore. Increasing World Grain Market
Fluctuations: Implications for U.S. Agriculture. U.S.
Dept. Agr., Econ. Res. Serv., forthcoming.

Moore, Charles V. “Nonfarm Demand for Farm
Resources.” U.S. Dept. Agr., Econ. Res. Serv., special
material submitted to ERS world food study, 1984.

— . “Impact of Federal Acreage Limitation
Policy on Western Irrigated Agriculture,” Western Jour-
nal of Agricultural Economics. Vol. 7, No. 2, Dec.
1982, pp. 301-316.

Morris, Glenn E. The Economic Impact of Synfuels
Development in the Upper Colorado River Basin. Los
Alamos, N. Mex.: Los Alamos Scientific Laboratory,
LA-UR-79-2784, 1979.

Mosak, Jacob. “Interrelations of Production, Price, and
Derived Demand,” Journal of Political Economy, Vol.
46, No. 6 (1938).

Muth, R. F. “The Derived Demand for a Productive
Factor and the Industry Supply Curve,” Oxford Eco-
nomic Papers, Vol. 16 (1964), pp. 221-34.

National Agricultural Lands Study: Final Report 1981.
Washington, D.C., Jan. 1981.

National Petroleum Council. U.S. Energy Outlook: An
Interim Report. Washington, D.C. 1972.

National Research Council, Commission on International
Relations. Supporting Papers: World Food and Nutrition
Study. Vol. I-V. Washington, D.C.: National Academy
of Sciences, 1977.



175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

Nerlove, M., and K. L. Bachman. “The Analysis of
Changes in Agricultural Supply: Problems and Ap-
proaches,” Journal of Farm Economics, Vol. 52, No. 3
(1960), pp. 531-55.

Newberry, David M. G., and Joseph E. Stiglitz. The
Theory of Commodity Price Stabilization, Oxford:
Clarendon Press, 1981.

Nicol, Kenneth J., Earl O. Heady, and Howard C.
Madsen. Model of Soil Loss, Land and Water Use,
Spatial Agricultural Structure, and the Environment.
CARD Report 49T, Ames: lowa State U., Center for
Agricultural and Rural Development, July 1974.

O’Brien, Patrick M. “Global Prospects for Agriculture,”
Agricultural-Food Policy Review: Perspectives for the
1980’s, AFPR-4. U.S. Dept. Agr., Econ. Res. Serv.,
Apr. 1981, pp. 2-26.

. High-Value Agricultural Exports: U.S.
Opportunities in the 1980’s, FAER-188. U.S. Dept.
Agr., Econ. Res. Serv., Sept. 1983.

Office of Technology Assessment. An Assessment of Oil
Shale Technologies. U.S. Congress, 1980.

. Energy From Biological Processes. U.S.
Congress, 1980.

. World Petroleum Auvailability
1980-2000. U.S. Congress, Oct. 1980.

Offut, Susan E. The Impact of Instability on the U.S.
Corn and Livestock Markets: An Econometric Analysis,
AER 82-45. Ithaca, N.Y.: Cornell U. Dept. of Agr.
Econ. Dec. 1982.

Ogg, Clayton. “Soil Erosion and Export Growth,” U.S.
Dept. Agr., Econ. Res. Serv., special material submitted
to the ERS world food study, 1984.

Organization of Economic Cooperation and Develop-
ment. Interfutures Facing the Future: Mastering the
Probable and Managing the Unpredictable. Paris, 1979.

Paarlberg, Don, “Food For More People and Better
Nutrition,” in Clifford M. Hardin, Overcoming World
Hunger. Englewood Cliffs, N.J.: Prentice-Hall, Inc.,
1969.

Paarlberg, Philip L., Alan J. Webb, Arthur Morey, and
Jerry A. Sharples. Impacts of Policy on U.S. Agricul-
tural Trade. Staff Report No. AGES 840802. U.S. Dept.
Agr., Econ. Res. Serv., Dec. 1984.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

U.S. Agriculture’s Potential

Paris, Quirino. “Revenue and Cost Uncertainty, Gen-
eralized Mean-Variance, and the Linear Complementari-
ty Problems,” American Journal of Agricultural
Economics, Vol. 61, No. 2 (1979), pp. 268-275.

Perkins, B., and D. E. Hathaway. The Movement of
Labor Between Farm and Nonfarm Jobs, RB 13. Lan-
sing: Michigan Agr. Exp. Sta., 1966.

Perlis, Sam. Theory of Matrices. Reading, Mass.:
Addison-Wesley Pub. Co., 1952.

Perry, G. L. “Potential Output: Recent Issues and Pres-
ent Trends,” U.S. Production Capacity: Estimating the
Utilization Gap, Working Paper No. 23, St. Louis:
Center for the Study of American Business, Dec. 1977.

Pickrel L., and Jerry Fruin. Rural Freight Transportation:
New Policy Initiatives, Spec. Rpt. 86-1980. St. Paul:
Univ. of Minn., Agr. Ext. Serv., 1980.

Plato, Gerald, and Douglas Gordon. “Dynamic Pro-
gramming and the Economics of Optimal Grain
Storage,” Agricultural Economics Research, Vol. 35,
No. 1 (Jan. 1983), pp. 10-22.

. “Stockpiling U.S. Agricultural Com-
modities with Volatile World Markets: The Case of Soy-
beans,” Agricultural Economics Research. Vol. 36, No.
2 (Spring 1984), pp. 1-9.

Pond, Wilson G., Robert A. Merkel, Lon D. McGilliard,
and V. James Rhodes. Animal Agriculture: Research to
Meet Human Needs in the 21st Century. Boulder,
Colo.: Westview Press, 1980.

Pope, Rulon D., and Richard Prescott. “Diversification
in Relation to Farm Size and Other Socioeconomic
Characteristics,” American Journal of Agricultural
Economics, Vol. 62, No. 3 (1980), pp. 554-559.

Pratt, J. W. “Risk Aversion in the Small and Large,”
Econometrica, Vol. 32 (1964), pp. 122-136.

Presidential Commission on World Hunger, Final
Report. The White House, 1980.

President’s Science Advisory Committee. The World
Food Problem. The White House, May 1969.

“RCA Symposium: Future Agricultural Technology and
Resource Conservation,” unpublished material from a
conference sponsored by the Soil Conservation Service,
U.S. Dept. Agr., and the Center for Agr. and Rural
Dev., lowa State U. Washington, D.C., Dec. 5-9, 1982.

43



Clark Edwards

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

44

Rasche, R. H., and J. A. Tatom. “Energy Resources

. and Potential GNP,” Monthly Review, Federal Reserve

Bank of St. Louis, Vol. 59, No. 6 (June 1977), pp.
10-23.

. “The Effects of the New Energy Regime
on Economic Capacity, Production and Prices,” Month-
ly Review, Federal Reserve Bank of St. Louis, Vol. 59,
No. 5 (May 1977), pp. 2-12.

Raup, Philip M. “Some Domestic Consequences of the
Expanded Role of the United States in Meeting World
Food Needs,” Issues in Third World Development,

K. C. Nobe and R. V. Sampath, eds. Boulder, Colo.:
Westview Press, 1984, ch. 20.

_______ .“Some Questions of Value and Scale in
American Agriculture,” American Journal of Agricultural
Economics, Vol. 60, No. 2 (1978), pp. 303-08.

Regier, Donald W. Livestock and Derived Feed De-
mand in the World GOL Model, FAER-152. U.S. Dept.
Agr., Econ. Stat. Coop. Serv., Sept. 1978.

. “The History of the World GOL
Model,” U.S. Dept. Agr., Econ. Res. Serv., special
material submitted to the ERS world food study, 1984.

Reimund, Donn A., J. Rod Martin, and Charles V.
Moore. Structural Change in Agriculture: The Ex-
perience for Broilers, Fed Cattle, and Processing
Vegetables, TB-1648. U.S. Dept. Agr., Econ. Res.
Serv., Apr. 1981.

Reutilinger, Shlomo. “The Prevalance of Calorie Defi-
cient Diets in Developing Countries,” World Bank Staff
Working Paper No. 374, Washington, D.C.: The World
Bank, 1980.

Richardson, J. W., and others. “Economic Impacts of
Increased Price Variability: A Case Study with Rice.”
Paper presented at NC 169 Workshop, West Lafayette,
Ind., Aug. 3, 1983.

Robinson, K. L. “Unstable Farm Prices: Economic Con-
sequences and Policy Options,” American Journal of
Agricultural Economics, Vol. 57, No. 5 (1975), pp.
769-777.

Rojko, Anthony S., Francis S. Urban, and James J.
Naive. World Demand Prospects for Grain in 1980 with
Emphasis on Trade by the Less Developed Countries,
FAER-75. U.S. Dept. Agr., Econ. Res. Serv., Dec.
1971.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224,

Rojko, Anthony S., and others. Alternative Futures for
World Food in 1985, Vols. 1-4, FAER-146. U.S. Dept.
Agr., Econ. Stat. Coop. Serv., 1978.

Rural Poverty in the United States. Report of the Presi-
dent’s National Advisory Commission on Rural Poverty,
Washington, D.C., May 1968.

Ruttan, Vernon. Agricultural Research Policy. Min-
neapolis: U. of Minnesota Press, 1982.

Salant, Stephen W. “The Vulnerability of Price Stabiliza-
tion Schemes to Speculative Attack,” Journal of Political
Economics, Jan. 1983, pp. 1-38.

Salathe, Larry E., J. M. Price, and K. E. Gadson.
“The Food and Agricultural Policy Simulator,” Agricul-
tural Economics Research, Vol. 34, No. 2 (1982), pp.
1-15.

Schertz, Lyle P. U.S. Components of Selected World
Food Studies. Staff Report No. AGES 841018. U.S.
Dept. Agr., Econ. Res. Serv., Dec. 1984.

. “Scenarios: Their Importance to Projec-
tions of World Conditions,” U.S. Dept. Agr., Econ.
Res. Serv., special material submitted to the ERS world
food study, 1984.

— . ‘“Agricultural Growth in Developing
Countries, Their Economic Growth, and Their Agricul-
tural Imports,” U.S. Dept. Agr., Econ. Res. Serv.,
special material submitted to the ERS world food study,
1984.

Schuh, G. E. “An Econometric Investigation of the
Market for Hired Labor in Agriculture,” Journal of Farm
Economics, Vol. 44, No. 2 (1962), pp. 307-321.

. “New Directions in Agricultural Policy.”
Paper presented at the annual meeting of the Minnesota
Wheat Growers, Moorhead, Minn., Dec. 13-14.

. “The Exchange Rate and U.S. Agricul-
ture,” American Journal of Agricultural Economics, Vol.
74, No. 1 (1974), 1-13.

. "“TheRole of Markets and Governments
in the World Food Economy.” Paper presented at Con-
ference on the Role of Marketing in the World Food
Economy, Minneapolis, Minn., Oct. 14-16, 1982.

. “U.S. Agricultural Policy in an Open
World Economy.” Testimony presented before the Joint
Economic Committee, U.S. Congress, May 26, 1983.




! 236.

225.

226.

227.

228.

229.

230..

231.

232.

233.

234.

235.

R RS

Schwartz, Nancy E. “An Econometric Analysis of Price
Potential Variability in the World Wheat Market.” Ph.D.
diss. Ithaca, N.Y.: Cornell U. 1983.

— , and David Blandford. The Impact of
Structural Change on Potential Instability in the World
Wheat Market, Staff Paper 81-20, Ithaca, N.Y.: Cornell
U., Dept. Agr., Econ. Res. Serv., June 1984.

Shane, Mathew D., and David Stallings. “Trade and
Growth of Developing Countries Under Financial Con-
straint,” Staff Report No. AGES 840519. U.S. Dept.
Agr., Econ. Res. Serv., June 1984.

. Financial Constraints to Trade and
Growth: The World Debt Crisis and Its Aftermath,
FAER-211. U.S. Dept. Agr., Econ. Res. Serv., Dec.
1984.

Sharples, Jerry A. An Evaluation of U.S. Grain Reserve
Policy, 1977-80, AER-481. U.S. Dept. Agr., Econ.
Res. Serv., Mar. 1982.

—— ,and Carol A. Goodloe. Global Stocks
of Grain, Staff Report No. AGES 840319. U.S. Dept.
Agr., Econ. Res. Serv., May 1984.

__ , Alan Webb, and Forrest Holland.
“World Trade and U.S. Farm Policy,” Staff Report No.
AGES 840521. U.S. Dept. Agr., Econ. Res. Serv.,
1984.

Sloggett, Gordon. Prospects for Ground-Water Irriga-
tion, AER-478. U.S. Dept. Agr., Econ. Res. Serv.,
Dec. 1981.

Starleaf, Dennis R. “Macroeconomic Policies and Their
Impact Upon the Farm Sector,” American Journal of
Agricultural Economics, Vol. 64, No. 5 (1982), pp.
854-860.

Steadman, Dennis, Janet Eisenstat, and Kevin Landis.
The Economic Impacts of U.S. Coarse Grain Exports to
1990. Study for Pioneer Hi-Bred Int. by Chase Econo-
metrics, Bala Cynwyd, Pa., July 1982.

Steinhart, J. S., and C. E. Steinhart. Energy Use in the
U.S. Food System, Energy and Agriculture: Research
Implications, Rpt. No. 2. North Central Regional
Strategy Committee on Natural Resources. Lloyd
Fischer and Arlo Bicre, eds. Lincoln: U. of Nebraska,
Oct. 25, 1973, pp. 41-79.

Swedish Secretariat for Future Studies. Resources,
Society, and the Future. Stockholm, 1980.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

U.S. Agriculture’s Potential

Taylor, Richard C., and Mervin J. Yetley. “Food Gaps
and Surpluses in Developing Countries: Status, Trends,
and Implications, 1967-88,” Staff Report No. AGES
840912. U.S. Dept. Agr., Econ. Res. Serv., Feb. 1985.

Teigen, Lloyd. “Agricultural Capacity and Technology,”
U.S. Dept. Agr., Econ. Res. Serv., special material sub-
mitted to the ERS world food study, 1984.

— . “Commodity Supply and Input De-
mand,” U.S. Dept. Agr., Econ. Res. Serv., special
material submitted to the ERS world food study, 1984.

Theil, Henri. Principles of Econometrics. New York:
John Wiley and Sons, 1974.

Thurow, L. C. “The Productivity Problem,” Technology
Review, Nov./Dec. 1980, pp. 40-51.

Tomek, William G. “Price Analysis for Farm Inputs: A
Status Report,” paper presented to NC-117 Seminar at
Urbana, Ill., July 30, 1981.

Townsend, Robert M. “The Eventual Failure of Price
Fixing Schemes,” Journal of Economic Theory. Feb.
1977, pp. 190-199.

Tweeten, Luther G. “Farm Problems: Instability,” Foun-
dation of Farm Policy. 2nd ed., Lincoln: U. of Nebraska
Press, 1979, ch. 7.

— . “Economic Instability in Agriculture: The
Contributions of Prices, Government Programs, and Ex-
ports,” American Journal of Agricultural Economics,

Vol. 65. No. 5 (December 1983), pp. 922-31.

, and C. L. Quance. “Positivistic
Measures of Aggregate Supply Elasticities: Some New
Approaches,” American Journal of Agricultural
Economics, Vol. 5, No. 2 (1969), pp. 342-52.

—  ,and E. O. Heady. Short-Run Corn
Supply and Fertilizer Demand Functions Based on Pro-
duction Functions Derived from Experimental Data: A
Static Analysis, RB 507. Ames: lowa State U. Exper.
Sta., June 1962.

Tyrchniewicz, E. W., and G. E. Schuh. “Econometric
Analysis of the Agricultural Labor Market,” American

Journal of Agricultural Economics, Vol. 51, No. 4
(1969), pp. 770-787.

U.N. World Food Conference. Assessment of the World
Food Situation, Present and Future. Rome, Nov. 1974.

45




Clark Edwards

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

46

U. of California Food Task Force. A Hungry World:
The Challenge to Agriculture, General Report. Div. Agr.
Sci., Davis: U. of California, July 1974.

U. of Minnesota. “On the Record: Are We Blighting the
Land that Feeds Us?” Corporate Report, June 1982.

Urban, Francis. “Can Agriculture Keep Up?” Farmline.
U.S. Dept. Agr., Econ. Res. Serv., Mar. 1982, pp. 7-9.

________, and others. “World Food Situation and
Prospects to 2000: Factors Affecting Supply,” U.S.
Dept. Agr., Econ. Res. Serv., special material submitted
to the ERS world food study, 1984.

___, and Thomas Vollrath. Patterns and
Trends in World Agricultural Land Use, FAER-198.
U.S. Dept. Agr., Econ. Res. Serv., Apr. 1984.

U.S. Departments of Agriculture and Transportation.
Agricultural Transportation Services: Needs, Problems,
Opportunities, The Final Report of the Rural Transporta-
tion Advisory Task Force. Washington, D.C., Jan.
1980.

U.S. Department of Agriculture. A Time to Choose:
Summary Report on the Structure of Agriculture.
Washington, D.C. Jan. 1981.

. “Agricultural Trade and the Proposed
Round of Multilateral Negotiations,” Report prepared at
the request of Peter Flanigan, Assistant to the President
for International Economic Affairs, under the direction of
the Foreign Agricultural Service, by FAS, ERS, and
ASCS. Released by the U.S. Senate Committee on
Agriculture and Forestry (The Humphrey Committee),
April 30, 1973.

. ‘“Instability of Agricultural Prices and In-
comes.” Report of an Interagency Task Force to the
Secretary’s Policy and Coordination Council, 1983.

____, Economics and Statistics Service.
Agricultural-Food Policy Review: Perspectives for the
1980’s, AFPR-4. Apr. 1981.

__________, Economic Research Service with
Foreign Agricultural Service. The World Food Budget,
1962 and 1966, FAER-4. Jan. 1962.

______, Economic Research Service. Agriculture
and Economic Growth. AER-28, Mar. 1963.

. The World Food Budget, 1970,
FAER-19. 1966.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

271.

. OurLand and Water Resources: Cur-
rent and Prospective Supplies and Uses, MP-1290. May
1974.

. World Food Situation and Prospects to
1985, FAER-98. Dec. 1974.

. “Technology Assessment,” Proceedings
of a Workshop. AGERS-31, Sept. 1977.

. Structure Issues of American
Agriculture, AER-438. Nov. 1979.

. Economic Indicators of the Farm Sec-

tor: Production and Efficiency Statistics, 1980, SB-679.

Jan. 1982.

. Economic Indicators of the Farm Sec-
tor: Farm Sector Review, 1980, SB-691. Sept. 1982.

. Economic Indicators of the Farm Sec-
tor: Production and Efficiency Statistics, 1983, ECIFS
3-5. Feb. 1985.

. The Production and Financial Structure
of the Farm Sector: Fifth Annual Report to the Congress
on the Status of Family Farms. Nov. 1982.

. Feed Situation and Outlook, FDS-287.
Nov. 1982 and other issues.

. “Income and Employment in the Farm
Sector,” Economic Indicators of the Farm Sector: Farm
Sector Review, 1982, ECIFS 2-1. May 1983, pp.
73-75.

. Food Policies in Developing Countries,
FAER-194. Dec. 1983.

. World Indices of Agricultural and Food
Production, 1974-83, SB-710. July 1984.

_____, World Agricultural Outlook Board.
Agriculture in the Future: An Outlook for the 1980’s
and Beyond, AIB-484. Dec. 1984.

U.S. Department of Energy. 1982 Annual Energy
Outlook. Energy Information Administration Issue
Paper. Apr. 1983.

. “Energy Transitions: The Forecasts
Through 2000.” Energy Information Administration
Issue Paper. Mar. 1981.




278.

279.

280.

281.

282.

283.

284.

285

286.

287.

288.

289.

. “World Oil Market Outlook: Recent
History and Forecasts of World Oil Prices.” Energy In-
formation Administration Issue Paper. Aug. 1981.

. “Energy Projections.” 1981 Annual
Report to Congress, DOE/EIA-0173(81)3, Vol. 3, Feb.
1982.

U.S. Department of the Interior, Geological Survey.
Summary Appraisals of the Nation’s Groundwater
Resources. Professional Paper Series 813-A-S,
1974-79.

U.S. Department of State, Bureau of Intelligence and
Research. World Food Productivity for the 1990’s:
Assessments and Research. Rpt 442-AR. Aug. 4, 1982.

U.S. Department of Transportation. Status of the Na-
tion’s Highways: Conditions and Performance. Report of
Secretary of Transportation to the U.S. Congress. Jan.
1981.

U.S. General Accounting Office. The Farmer-Owned
Grain Reserve Program Needs Modification to Improve
Effectiveness. Volumes I, I, and Ill. CED-81-70, June
26, 1981.

U.S. House of Representatives, Committee on the
Budget. “Productivity in the American Economy.” Hear-
ings, 94th Congress, 2nd Session, January 12, 13, and
15, 1982, 269 pp.

U.S. Senate. “Agricultural Land Availability: Papers on
the Supply and Demand for Agricultural Lands in the
U.S.” Committee on Agriculture, Nutrition, and
Forestry, 97th Congress, 1st Session, July 1981.

U.S. Water Resources Council. State Water Use and
Socioeconomic Data Related to the Second National
Water Assessment. Prepared by Oak Ridge National
Laboratory, Oak Ridge, Tenn., Oct. 1980.

. The Nation’s Water Resources
1975-2000, Second National Water Assessment. Vol. 2:
Water Quantity, Quality, and Related Land Considera-
tions. Washington, D.C., Dec. 1978.

. Soil and Water Resources Conservation
Act, 1980 Appraisal Part I. Washington, D.C., March
1981.

Varian, Hal. Microeconomic Analysis. New York:
W. W. Norton and Company, 1978.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

U.S. Agriculture’s Potential

Vertrees, James G. “Food and Agricultural Policy for
the Uncertain 1980’s.” Unpublished working paper,
Natural Resources and Commerce Section, Congres-
sional Budget Office, Washington, D.C., 1982.

Webb, Alan J. “Protection in Agricultural Markets.” Staff
Report No. AGES 840524. U.S. Dept. Agr., Econ. Res.
Serv., Apr. 1981.

, and Cathy Jabara. “Impact of National
Grain Policies on International Grain Markets.” Unpub-
lished manuscript, U.S. Dept. Agr., Econ. Res. Serv.,
1981.

. World Trade in Major U.S. Crops: A
Market Share Analysis, ESS-7. U.S. Dept. Agr., Econ.
Res. Serv., Apr. 1981.

Wessel, James, with Mort Hartman. Trading the Future.
San Francisco: Institute for Food and Development
Policy, 1983.

West, Quentin M. World Food Needs. U.S. Dept. Agr.,
Econ. Res. Serv., Feb. 16, 1966. Unnumbered series.

Wheeler, R. O., and others. The World Livestock Pro-
duct, Feedstuff, and Food Grain System. Morrilton,
Ark.: Winrock International, 1981.

White, T. Kelley. “Dynamics of the World Food Situa-
tion.” A collection of proceedings papers. American
Journal of Agricultural Economics, Vol. 64, No. 2 (May
1982), pp. 304-338.

Whitford, R., J. Foster, G. Tofft, and W. Tyner.
Transportation Energy Futures: Paths of Transition. U.S.
Dept. Trans. 1981.

Williamson, R. E., R. H. Crowell, and H. F. Trotter.
Calculus of Vector Functions (third ed.). Englewood
Cliffs, N.J.: Prentice-Hall, 1972.

Wilson, Robert. “Information Economies of Scale,” Bell
Journal of Economics. Vol. 6 (1975), pp. 184-195.

Wisner, Robert N., and Craig A. Chase. World Food
Trade and U.S. Agriculture, 1960-1982. Ames, lowa:
World Food Institute, Aug. 1983.

Wittwer, Sylvan. “New Technology, Agricultural Pro-
ductivity, and Conservation,” Soil Conservation Policies,
Institutions, and Incentives. Halcrow, Heady, and
Cotner, eds. Ankeny, lowa: Soil Conservation Society
of America, 1982.

47




Clark Edwards

303.

304.

305.

306.

48

World Bank. World Development Report 1983. New
York: Oxford U. Press. 1983.

Yotopoulas, P. A., L. J. Lau, and W. L. Lin. “Micro-
economic Output Supply and Factor Demand Functions
in the Agriculture of the Province of Taiwan,” American
Journal of Agricultural Economics, Vol. 58, No. 2 (May
1976), pp. 333-340.

Young, Douglas L., “Risk Preferences of Agricultural
Producers: Their Use in Extension and Research,”
American Journal of Agricultural Economics, Vol. 61,
No. 5 (1979), pp. 1063-1070.

Zeimetz, Kathryn A. Growing Energy: Land for Biomass
Farms, AER-425. U.S. Dept. Agr., Econ. Res. Serv.,
June 1979.

307.

308.

Zellner, Arnold. “An Efficient Method of Estimating
Seemingly Unrelated Regressions and Tests for Aggrega-
tion Bias,” Journal of the American Statistical
Association. Vol. 57, No. 298 (June 1962}, pp.
348-68.

. “Estimators for Seemingly Unrelated
Regression Equations: Some Exact Finite Sample
Results,” Journal of the American Statistical Association.
Vol. 58, No. 304 (1963), p. 977.

Note: References were contributed by participants in the world
food study.

*U.S. GOVERNMENT PRINTING OFFICE: 1985-460-941:20139-ERS




Other
Reports

U.S. Hog Industry, by Roy
N. Van Arsdall and Kenneth
E. Nelson. AER-511. June
1984. 116 pp. $4.50. Order
SN: 001-000-04408-7 from
GPO.

IS

.. an excellent report . . .
presenting a statistical
overview of the industry not
available in this concise,
readable form in any other
publication. I believe my
colleagues . . . will share my
enthusiasm.”” R. A. Easter,
U. of lllinois, Urbana-
Champaign

The hog industry has moved
rapidly in the last 30 years
from barnyard sideline to
mechanized million-dollar
operation. This report
describes the most prevalent
practices used today.
Includes confinement
production facilities,
breeding, feeding regimens,
waste management, and
more. Charts, photos, and
54 detailed appendix tables.

The U.S. Poultry Industry:
Changing Economics and
Structure, by Floyd A.
Lasley. AER-502. July
1983. 32 pp. $3.25. Order
SN: 001-000-04342-1 from
GPO.

An excellent overview of
changes in the U.S. poultry
industry over the last 25
years. Examines why per
capita consumption of
poultry meat in 1981 nearly
doubled since 1960, but
retail prices rose only 74
percent for broilers, 67
percent for turkeys, and 59
percent for eggs. Vertical
integration and technological
advances are largely
responsible for improved
production and efficiency in
the industry, enabling
producers to hold down
Costs.

The U.S. Turkey Industry,
by Floyd A. Lasley, William
L. Henson, and Harold B.
Jones. AER-52S5. March
1985. 72 pp. $3.00. Order
SN:001-019-00385-5 from
GPO.

Discusses trends in the
thriving turkey industry, an
industry which skyrocketed
from a modest enterprise
with a gross farm value of
$270 million in 1950 to a
complex agribusiness with a
gross farm value of $1.25
billion in 1982. Turkey is
now consumed year round,
currently about 10.8 pounds

per capita annually. The
further processed product

such as turkey rolls, pot pies,

and frozen dinners is the
fastest growing sector of the
industry.

The U.S. Beef Cow-Calf
Industry, by Henry C.
Gilliam Jr. AER-515.
September 1984. 72 pp.
$2.75. Order SN: 001-019-
00352-9 from GPO.

This comprehensive look at
the U.S. beef cow-calf
production industry finds
that the number of beef cows
fell by about one-fifth
between 1975 and 1980 in
response to sharp reductions
in feeder cattle prices and
increases in production costs
during the midseventies.
Photos and charts illustrate
the text.

Characteristics of Farmer
Cattle Feeding, by Roy N.
Van Arsdall and Kenneth E.
Nelson. AER-503. August
1983. 48 pp. $3.75. Order
SN: 001-000-04361-7 from
GPO.

Now in its second printing,
this report examines how the
continuing trend toward
commercial cattle feeding has
reduced the number of
farmer cattle feedlots to

113,000 as of 1980, down
from 219,000 and 61 percent
of the market in 1964.
Explains why the number of
farmer cattle feeders is
expected to decline during
the eighties.

Livestock and Meat
Statistics, 1983, SB-715.
December 1984. 184 pp.
$4.50. Order SN: 001-019-
00369-3 from GPO.

USDA’s comprehensive data |
source for cattle and calves, <
hogs, poultry, and sheep and

lambs includes production

and inventories, number fed,

marketings, slaughter, meat

production, prices, per capita
consumption, and trade

information. Data at your

fingertips on foreign trade,

storage, and processing of

livestock and livestock

products. . .and up to a

decade of historical data.

To order, write to

Superintendent of Documents
Government Printing Office
Washington, DC 20402
Make checks payable to Superintendent of Documents.

Telephone: (202) 783-3238
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